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INTERROGATORIES OF DOUGLAS F. CARLSON 

DFC/USPS-T40-1. Please refer to your testimony at page 12, lines 2-6. Please 
assume that a customer wishes to obtain proof of delivery of a letter. This 
customer decides that he has two choices: 

848 

1. Purchase return-receipt service from the Postal Service: 

2. Not purchase return-receipt service. but instead enclose a self- 
addressed, stamped post card inside the letter. The post card would 
request that the recipient sign the post card, indicate on the post card 
the date on which the letter was delivered, and either indicate that the 
letter was delivered to the address on the mail piece or provide the 
address at which the letter was delivered if that address differed from 
the address on the letter. The self-addressed post card would request 
that the recipient mail back the post card promptly. 

a. Please confirm that a customer might.be faced with these two 
choices. 

b. Please confirm that option (1) and option (2) would provide the 
customer with the same amount and reliability of information about the 
delivery of the letter. If you do not confirm. please explain your answer 
fully. 

c. For the purpose of assisting the Commission in determining the value 
of return-receipt service, please explain all differences between option (1) 
and option (2) that might make option (1) more valuable than option (2). 

DFC/USPS-T40-1 Response: 
a. Assuming the circumstances in your question, confirmed. 

b. Option 2 would provide the information that is comparable in quantity 

and reliability to option 1 only under certain circumstances. The 

hypothetical example provided appears to imply a cordial relationship 

between sender and recipient such that the recipient has no reason to 

either withhold information or provide false information to the recipient. 

As many return receipts are used in conjunction with ongoing legal 
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RESPONSE OF POSTAL SERVICE WITNESS PLUNKET TO 
INTERROGATORIES OF DOUGLAS F. CARLSON 

proceedings in which the recipient may benefit from the provision of 

faulty information. it would not be safe to assume that the scenario 

envisioned in this intenogatory is typical. In addition. in many cases 

the recipient might fail to fill out the post card, or fail to mail it back to 

the sender. Since return receipt service makes delivery conditional 

upon the recipient's signing the return receipt card, it is more likely that 

the requested information will be provided to the sender. Finally. when 

purchased in conjunction with certified mail, return receipts provide a 

mailing receipt and a record of delivery. 

c. In option 1. the Postal Service acts as a disinterested third party in 

confirming the date on which an article was received, and the address 

to which it was delivered. While the relative value of objective 

information depends on the relationship between the sender and the 

recipient. it would be reasonable to conclude that it is non-trivial. 

Furthermore. option 2 places greater demands upon the recipient for 

the provision of information. Senders who place a high value upon the 

time of the recipient, or who merely wish not to inconvenience the 

recipient would undoubtedly value option 1 more highly. As discussed 
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c. in part b. option 1 often would provide more. and more reliable. 

information to the sender, along with a record of delivery. 
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DFCIUSPS-T40-15. Please refer to your response to DFC/USPS-T40-1. 
a. Would it be reasonable to conclude that, in a significant number of the 

instances in which asender elects to use return receipt, the relationship between 
sender and recipient is something less than cordial or that the recipient may benefit 
from the provision of faulty information about date of delivery? If not, please explain. 

of faulty information about the existence or date of delivery, does the fact that the 
Postal Service retains possession of the mail piece until the recipient signs the Form 
381 1 return receipt contribute significant value to return-receipt service? If not, please 
explain. 

c. At least in those instances in which the recipient may benefit from provision 
of faulty information about the existence or date of delivery, does the fact that the 
Postal Service acts as a disinterested third party in confirming the date on which an 
adicle was delivered and the address of delivery contribute significant value to return- 
receipt service? If not, please explain. 

d. Please confirm that the Postal Service either places the date of delivery on 
the Form 381 1 return receipt or. if the recipient has already placed the date of delivery 
on the Form 381 1, verifies the accuracy of the date of delivery. I f  you confirm, does this 
practice contribute significant value to return-receipt service? Please explain. 

b. At least in those instances in which the recipient may benefit from provision 

DFCNSPS-T40-15 Response: 

a. This may be the case for some propodion of these transactions. but it need 

not be true for all transactions. 

b. While I am unaware of any attempt to quantify the value customers derive 

from this aspect of return receipt service, I believe it is reasonable fo 

conclude that there is some value associated therewith. 
. .  

c. See the response to subpart b. 

d. Confirmed. See the response to part b. The Postal Service in this case acts 

as a disinterested third parfy, thus adding value 10 return receipt service. 
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1 Carlson's positive contributions to the record in this proceeding n 
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complaints regarding return receipts 

7 were received in 

s likely to be much hi or the nonce, one makes the extremely generous 
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In his testimony, Carlson characterizes return receipt service as "plagued 

with problems" (see DFC-T-1. p. 17. line 19). Much of the support for this claim 

consists of reports of Postal Service delivery practices for return receipt mail 

addressed to Internal Revenue Service Centers, gathered by Mr. Carlson and 

Mr. Popkin, which has been presented at various points throughout the instant 

proceedings. While I will address the merits of this information, I will first 

' 4.689 X 500=2.344M: FY 96 Return receipt volume is 235.7M: 
2.3441235.7~1 Yo. 

5 
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describe, in general terms. how deliveries of this kind are handled by the Postal e-\ 
I 

Service? I 

In some metropolitan areas where IRS centers are located, the Postal 

Service employs an automated system for recording and tracking delivery 

receipts and associated special services. Under this system, which may be 

located in Postal Service facilities, but which is also operated in detached units 

localed on the premises of IRS service centers, Postal Service employees scan 

the article numbers for every piece of return receipt mail. The delivering 

employee then prints a dated manifest which lists each return receipt. by article 

number. Before transferring control of the mail lo the IRS, the Postal Service 

obtains the recipient's signature on the manifest. acknowledging acceptance of 

each of the arlicles listed thereon. The handling of return receipts is less uniform 

from that point on. In some sites, Postal Service employees remain present 

while the receipts are removed, stamped, and dated by IRS employees. In other 

locations, the pieces are turned over to IRS employees who perform these tasks 

without oversight by postal employees. 

I 

This description is based on information gathered during November 1997,via 
telephone from several Postal Service processing and distribution centers. 
specifically Memphis, TN. Sacramento. CA, Austin. TX. and Philadelphia, PA. In 
the case of the Philadelphia PBDC. my inquiry followed on an earlier inquiry in 
which I had been informed by headquarters delivery operations that all receipts 
were signed and detached prior to delivery. This earlier information reflected an 
assumption. widely held, that regulations are implemented consistently 
throughout the Postal Service, irrespective of differing operational conditions and 
customer preferences. While troubling, the misinformation is due, at least in 
part. to the prior lack of product management specifically for special services. 
This lack was eliminated with the creation of a USPS headquarters office 
charged solely with management of special services in P( 1997. 

1. 
6 .. 

.'!i 
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Strictly speaking, these practices are not in accordance with the Postal 

Service’s regulations (see DMM 5 D042.1.7). Mr. Carlson seizes on this fact and 

. - . _ . I  

17123 

s 24-25), the practice 

7 constitutes 

10 Douglas F. Carlson. Trial 

12 

13 

received at the IRS Service 

between the day of delive 

esno, CA, several days may elapse 

enter, and the day on which returns 

action by the IRS in the 

Carlson offers no 

~ ~~ 

‘The situation in LR-DFCQ would be exceptional. 
’See 26 U.S.C. 57502. Tax returns are considered to be filed on time if the 
envelope containing the return bears a postmark with a date prior to, 01 
coincident with. the applicable filing deadline. 

7 
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Q If a customer purchases a service he does not 

need, does he still have a right to receive that service? 

A Certainly. - 
." On what s received from the Postal 

that statement? 

onnel at the plants 

that are listed i n  page 6 ,  I asked about 

kind of inventory syste 

on which those items 

were received fr he answer I got 

just to use a 

the piece was received on A 

ANN RILEY & ASSOCIATES, LTD. 
Court Reporters 

1250 I Street, N.W., Suite 300 
Washington, D.C. 20005 

(202)  842-0034 
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nds, when consid lation to the fee history. 

4 suggest that demand i 
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7 percent. well belo e substantial fee 

of high value for return re sing a cost coverage of 147 

results in part from the low cost covera 

Docket No. MC96-3. 

urces of value 

The foregoing discussion of demand for return receipts implies nothing 11 

12 

13 

14 

is 

16 

17 

18 

19 

specific about what features of return receipt provide value to customers. Given 

that the product is used most often with certified mail, I think it is fair, though 

admittedly vague, to suppose that customers use return receipts primarily to 

obtain acknowledgment that an article has been delivered to the recipient. 

In response to a written interrogatory from Mr. Carlson which contrasted a 

return receipt with a stamped self addressed postcard to be signed and 

subsequently mailed by the recipient, I noted that in providing return receipt 

service the Postal Service acts, through its employees, as a disinterested third 

20 

21 

22 

party verifying receipt of the mail piece. I also indicated that though I could 

speculate as to some of the reasons why customers might prefer return receipts 

to Mr. Carlson's hypothetical service. I did not affirm that my answer could 

3 
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(see response to DFCNSPS-T-4O.1, part c,Tr. 3/849-50). 

Mr. Carlson's testimony, which draws heavily on anecdotal evidence and 

an inaccurate interpretation of my interrogatory response, suggests that the 

value of return receipts is best measured by the degree of conformity between 

the Postal Service's regulations as specfied in the Domestic Mail Manual and its 

delivery practices as established in its many post offices and distribution 

facilities. Citing return receipts obtained by David 6. Popkin, some of which 

contained elements that appeared to be incorrectly completed, Carkon equates 

a delivering employee's failure to ensure completion of pariicular elements 01 a 

return receipt with diminished value. I do not doubt Mr. Carlson's implicit claim 

that he is unsatisfied with the return receipt service he has received. Nor do I 

doubt that such occurrences would prove vexing to customers with service 

expectations that are as exacting as those of Messrs. Popkin and Carlsa. or 

that such customers would elect not to use return receipts in the event of such 

disappointments. However, Mr. Carlson is an avowed hobbyist (See response to 

interrogatory USPS/DFC-Tl-lO. part i, Tr. 24/12835). and as such uses a 

different set of criteria in evaluating the Postal Service's products than most 

other customers are likely to use. The available volume data on return receipts 

strongly suggests that, insofar as such sewice problems would have an adverse 

impact on customer use, the problems Mr. Carlson finds with return receipt 

service are either not as widespread as he believes, or, despite such 

deficiencies. customers continue to view return receipt service as valuable. MI. 

4 
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Carison's positive contributions l o  the record in this proceeding notwithstanding, 

his dissatisfaction with retum receipt service is not a sufficiently compelling 

reason to reject the Postal Service's value of service arguments, given the 

demand evidence presented in support thereof. 

Mr. Carlson also cites Postal Sewice Consumer Service Card records to 

buttress his claims, pointing out that 4,689 complaints regarding retum receipts 

were received in N 1996 (DFGT-1. p. 24). He goes on to suggest that Postal 

Sewice records are inaccurate and that the 'actual" number of complaints is 

likely to be much higher. If, for the nonce, one makes the extremely generous 

assumption that the number is higher by a factor of 500. this number of 

complaints would still be less than 1 percent of total return receipt volume! 

Clearly these data belie Mr. Carison's claims, and thereby provide additional 

support for the Postal Service's proposal. 

16 with problems" (see DFC 

17 consists of reports of P or relum receipt mail 

of the support for this claim 

evenue Service Centers, gath 

ich has been presented at various points throughout the 

proceedings. While I will address the merits of this information, I will first 

4.689 X 5002.344M: N 96 Retum receipt volume is 235.7M: 4 

2.344/235.7<1%. 

5 
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ly speaking, these practices are not in accordance wit 

ns (see DMM 5 0042.1.7). Mr. Carison 

is claim that the Postal 

value of service. Accord 

reasons: the practice results in 

the date stamped on the r 

ctice is bad for a number of 

between the day of delivery and 

lines 24-25), the practice 

,the Postal Service is misleading its 

as F. Carlson. Trial Brief pp. 8-9). 

Mr. Carison asserts that, due to the large volume of receipts that are 

received at the IRS Service Center in Fresno, CA. several days may elapse 

between the day of delivery to the Service Center, and the day on which returns 

are opened and their attached return receipts completed. He concludes as a 

result that some taxpayers may be subject to adverse action by the IRS in the 

event that, due to this delay, a return is deemed late. Mr. Carison offers no 

explicit example of such an event ever happening, nor does he suggest how rigid 

application of DMM regulations would prevent this from happening. In most 

cases, I would expect that the IRS enters the date that the letter was received 

from the Postal Service? Furthermore, the implication that the timeliness of tax 

21 returns is proven by the date of acceptance is at odds with statute.' 

'The situation in LR-DFC-2 would be exceptional. 
'See 26 U.S.C. 07502. Tax returns are considered to be filed on time if the 
envelope containing the return bears a postmark with a date prior to, or 
coincident with, the applicable filing deadline. 

7 
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Mr. Carlson’s second claim, that by providing a service that is not in strict 

accordance with DMM regulations the Postal Service is defrauding the public is. 

irrespective of its factual basis, hyperbolic and arguably inflammatory. It is 

doubtful that many users of retum receipt service consult the DMM to ascertain 

the exact condions under which retum receipts will be delivered 10 the recipient. 

I would further assert that most customers are indifferent as to whether a Postal 

Service employee or an IRS employee puts the date on the return receipt. Some 

may in fact consider that completion of the form by IRS employees to be better 

evidence of the date of receipt by the agency. 

The proposition that the Postal Service is passing IRS costs on to 

customers is completely unsupported by any factual data. and indeed is utterly 

implausible in that it would require that the IRS bill the Postal Service for the 

work performed by its employees. It is my understanding that the cost study 

used to develop return receipt costs is based on a data collection that included 

instances when return receipts are delivered to large organizations. using 

procedures similar to these described above. 

In fairness to Mr. Catison. nowhere does he explicitly claim that strict 

adherence to DMM regulations would improve return receipt service for 

customers sending items to the IRS. But by implying that customers are not 

getting what they pay for, he has implicitly advanced this position. Ignoring the 

processing bottlenecks that would be created at filing deadlines, Mr. Carlson 

suggests that customers would be better Served if the Postal Service required 

that IRS agents review each of the thousands of pieces that may arrive in a 

. .  . .  

8 
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given day individually before the Postal Service transfers control overthem. 

Considering the volumes that are involved, the Postal Service's current practice, 

which requires that a dated manifest be signed prior to delivery, is a reasonable, 

II agree with Mr. Carlson that regulations ought to provide an accurate 

ption of the terms and condtions under which sewices are provide 

14 

15 

same as the address on th 

suggested by David B. Popk 

mission (see Docket No. MC96-3. 

s assuage doubt as to whether 

t 'the Postal Service 

its Recommended Decision in Docket No. MC96-3, however, the 
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appropriate way to proceed, but thank you fo 

MS. Dreifuss. 

on, Mr. Plunkett, Mr n, we are all 

4 ready. Let's fire 

5 Whereupon, 

6 

7 the witness o at the time o 

8 been pre ly sworn, was further exam 

CONTINUED CROSS EXAMINATION 

BY MR. CARLSON: 

12 Q On page 3 of your testimony, rebuttal testimony, 

13 at lines 12 through 15 you stated in part, "I think it is 

14 fair though admittedly vague to suppose that customers who 

15 use return receipts primarily to obtain acknowledgement that 

16 an article has been delivered to the recipient" - -  the 
17 

18 

19 

20 

21 

22 

23 

24 

25 

clause that I read doesn't really make sense standing by 

itself, but if you refer to those lines, could you give me 

an example of someone who uses return receipts for reasons 

other than to obtain acknowledgement that an article has 

been delivered to the recipient? 

A I guess what I was referring to was not so much 

that reason as opposed to a different reason but that reason 

as opposed to the additional features that are included on 

the return receipt, just to suggest that most customers, 

ANN RILEY & ASSOCIATES, LTD. 
Court ReDortets - 

1250 I Street, N.W., Suite 300 
Washington, D.C. 20005 

(202) 842-0034 
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though admittedly not all, are not that concerned with for 

example the printed name block. 

I mean to some I'm sure that's an important 

feature but to most they are presumably willing to accept 

that if there is no name in that block then the name of the 

addressee is the one that would have appeared and if that 

block were to be found empty, those customers would not be 

particularly upset in finding it so, given that they did 

receive what the really wanted, which was an acknowledgement 

that an article had been delivered to the recipient. 

Q How do you know that most customers don't care 

about the print name block? 

A Well, that - -  I mean that and many other things 
are inferences that I have drawn from the demand evidence 

that we presented in this proceeding. 

My belief is that if such were an extremely 

important consideration to many of the users and if, as has 

been suggested, that that is not commonly provided then we 

19 would have many customers just not using the service 

20 anymore, but on the contrary the use of the service has 

21 

22 most Postal Service products. 

23 Q How do you know that the growth in volume is not 

24 attributable to other reasons and that the volume would have 

25 

grown dramatically over the years at a much higher rate than 

grown even more if people were happy with the print name 

ANN RILEY &ASSOCIATES, LTD. 
Court Reporters 

1250 I Street. N.W.. Suite 300 
Washington, D.C; 20005 

(202) 842-0034 
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block? 

A I guess without knowing to what reasons you are 

referring, it's difficult for me to answer that question. 

Q Let's say there were a law passed requiring 

certain types of notices to be served by return receipt and 

that law were passed at the same time that the volume 

started to grow, so that would be a reason for the volume to 

increase. 

Is it possible the volume would have increased 

even more if customers had been happier with the print name 

block? 

A I am not aware of any specific events such as that 

taking place. 

One thing I would point out is that I mean there 

are certain events taking place that would tend to make one 

think that the volume of return receipts are to be 

declining. 

For example, as has been presented throughout this 

docket, one of the common uses of return receipts is for 

the - -  for customers sending articles to the Internal 
Revenue Service, and it's been presented and I have no 

22 reason to doubt that that accounts for millions of return 

23 receipts in a given year. 

24 Well, in the past several years the IRS has made 

25 great efforts toward increasing the volume of returns that 

ANN RILEY & ASSOCIATES, LTD. 
Court Reporters 

1250 I Street, N.W., Suite 300 
Washington, D.C. 20005 

(202) 842-0034 
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are filed electronically, which overall would tend to reduce 

the number of pieces going through the Postal Service and 

therefore reduce the number of return receipts, so just as 

there may be events that take place that would cause volume 

to increase, there are known events that are taking place 

that would cause volume to decline in the absence of other 

consideration. 

Q But you don't know, you have no specific evidence 

singling out the print name block as a reason for either an 

increase or a decrease in the volume of return receipts? 

A Nothing quantifiable, no. 

Q So it's definitely true - -  it would be not vague 
but clear to assume that most if not all customers who use 

return receipt are using it at least to obtain 

acknowledgement that an article was delivered? 

A That's what I believe is contained in my 

testimony, yes. 

Q Well, I'm asking for clarification. 

A I don't understand what's unclear. I mean, I 

think that is what is said, is that customers are using it 

mainly to obtain acknowledgement that an article's been 

delivered to the recipient. 

Q Okay. And furthermore, it would be sulrprising if 

there were a customer who were using retun-receipt service 

not to - -  because he didn't care about obtaining 

ANN RILEY &ASSOCIATES, LTD. 
Court Reporters 

1250 I Street. N.W.. Suite 300 
Washington, D.C: 20005 

(202) 842-0034 
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acknowledgement that the article was delivered. 

A correct. 

Q Okay. Okay. Do you believe that the date of 

receipt on a return receipt contributes to the value of the 

service? 

A I mean, I would count that - -  I mean, I would 
describe that in the way that I've described some of the 

other features. I would assume that to some customers the 

date of receipt is a consideration that they consider 

important, but on other hand I'd say that it's far from 

clear that it matters to most senders of return receipts. 

Q Although you don't know that it doesn't matter to 

most. 

A Again, there's been no study to attempt to 

quantify the extent to which customers value a specific 

element of return-receipt service. 

Q And would it be safe to say that the value of 

return receipt derives from the various elements of the 

service such as the print name block, the date of receipt, 

the fact that it tells a person that the article was 

delivered, rather than from the fact that those elements 

happen to be listed in the Domestic Mail Manual? 

A Well, I mean, the value of any service is a 

combination of things. I mean, those are all elements. I 

would say the main thing that customers appear to want from 

ANN RILEY & ASSOCIATES, LTD. 
Court Reporters 

1250 I Street, N.W., Suite 300 
Washington, D.C. 20005 

(202) 842-0034 
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return-receipt service is, as I've said, acknowledgement 

that an article's been delivered to the intended recipient. 

Now there are other factors that have nothing to 

do with the return receipt itself, for example, the fact 

that it is used with First Class mail, that it is relatively 

convenient compared with some other alternatives. These 

things contribute to the value that customers seem to derive 

from using return-receipt service. 

Q And you can't cell me today by citing any evidence 

that 9 0  percent of customers don't care or that - -  let me 
11 state this another way. Suppose I said that 9 0  percent of 

12 customers want a correct date of receipt on their return 

13 receipt. You don't have any specific evidence to tell me 

14 today that that's not tme. 

15 A NO, I do not. 

16 Q And the fact that the customers might want to know 

17 

18 

19 

20 

21 

22 

23 

24 

25 

the date of receipt is derived from the fact that they want 

to know the date of the receipt, not the fact that the 

Domestic Mail Manual says that a return receipt shall 

provide the date of receipt. 

A Well, as I've said in my testimony, I don't think 

that most customers in the first case are even aware of the 

DMM requirements that obtain in the case of return-receipt 

service, and I think it's fair to say that most customers 

are completely indifferent as to what the DMM says. 

ANN RILEY &. ASSOCIATES, LTD. 
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I mean, when they purchase a service from us, and 

in this case we'll use return receipt as an example, they 

have some specific expectations about what that will provide 

which in my opinion have almost nothing whatsoever to do 

with what's in the Domestic Mail Manual. 

Q So if it turned out to be true that 90 percent of 

customers wanted a correct date of receipt on the return 

receipt, it would be because they want that date of receipt, 

not because the DMM says that it should be provided. 

I would say that's probably true. A 

Q And similarly if customers - -  if 90 percent of 
customers some survey showed wanted some sort of legible 

signature o r  an illegible signature plus a print name block, 

they'll then - -  that that's because they want those items, 
not because the Domestic Mail Manual says there should be a 

name printed. 

A I'll agree with the supposition, but I'd also want 

to point out that I think that in both cases the 90-percent 

number that you've used is highly implausible. I think it's 

20 likely to be a far smaller number than that in both cases. 

21 Q But again you have no specific evidence on - -  to 
22 

23 A Correct. There's no quantified evidence 

24 available. 

25 

say one way or another. 

Q The print name block does add value to the service 

R" RILEY &ASSOCIATES, LTD. 
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for at least some customers. 

A Presumably, but again, I mean, there's been no 

attempt to my knowledge to quantify that. 

Q Didn't the Postal Service state in either this 

proceeding or MC96-3 that the print name box has contributed 

to enhancing or adding value to the service? 

A Yes. 

Q And similarly the fact as you noted in your 

interrogatory response that the Postal Service acts as a 

disinterested third party in obtaining a signature and 

correct date of delivery. That role that the Postal Service 

plays does contribute some value to the service for at least 

some customers. 

A Presumably in some cases; yes. 

Q So for those customers if the Postal Service 

didn't in fact act as a disinterested third party, the 

service would be less valuable to those customers than if 

the Postal Service did act in that role. 

A And again, assuming those limitations, I'd say 

that's a fair statement. 

Q In your rebuttal testimony, page 4, lines 12 

through 16 - -  
A Yes. 

Q -- why does the fact that Mr. Popkin and I want 
the print name box to be filled in cause our standards to 

ANN RILEY &ASSOCIATES. LTD. 
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be, in your words, "exacting" - -  why is it not 
understandable or n o m 1  that we would expect the print name 

box to be filled in since it is sitting right there on the 

green card? 

A I would like to clarify a little bit my use of the 

word "exacting" in this context and I used it in a relative 

sense and if I could read verbatim what the testimony says, 

I think I can better explain what was meant. 

I'll begin in my rebuttal testimony, page 4 ,  line 

11. It says, "I do not doubt Mr. Carlson's implicit claim 

that he is unsatisfied with the Return Receipt service he 

has received, nor do I doubt that such occurrences would 

prove vexing to customers with service expectations that are 

as exacting as those of Messrs. Popkin and Carlson or that 

such customers would elect not to use Return Receipts in the 

event of such disappointments" - -  which is to say that if a 
customer has extremely strict expectations about what they 

want from Return Receipt service and those expectations are 

not met, my belief is they would no longer use the service, 

which is another way to say that based on the demand 

evidence that we have presented it appears - -  and I know of 
no evidence to the contrary - -  that customers are in general 
extremely pleased with the service they have received when 

they have purchased Return Receipt service and again that is 

based primarily on the fact that despite relatively large 

ANN RILEY h ASSOCIATES, LTD. 
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price increases the volume has continued to grow at a rate 

much faster than that for most of our services. 

Q Could the lack of an observable effect be due to 

the fact that a First Class one ounce letter with Certified 

and Return Receipt costs about 52.17. whereas the only 

alternative that you propose that is anywhere near in price 

is UPS service, which was about $S.35? 

A Well, that is one alternative. I mean there are 

other alternatives, and one alternative would be for 

customers just not to use the service at all, but it does 

not appear that that is happening, which I attribute to the 

fact that in general customers are pleased and consider that 

Return Receipts offer a good value for the price. 

Q But suppose the print name box is one of the 

elements that contributes to the value of service for me or 

Mr. Popkin or another customer, and we also do not think the 

print name box is worth another two or three dollars to go 

out to a competitor. 

Would it be safe to say that we might still 

continue to use Return Receipt service despite the service 

deficiencies because the alternative is so much more 

expensive? 

A In an individual case, that may be true. 

What I am talking about, however, is in the 

aggregate it seems unlikely to me that so many customers 

ANN RILEY & ASSOCIATES, LTD. 
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would continue to use a service with which they were 

dissatisfied. 

They would either seek out alternatives and in 

some cases would be willing to use more expensive 

alternatives or in other cases they would just decide not to 

use the service if they continue to be disappointed with the 

results that they got. 

Given that that does not appear to be happening, I 

cannot - -  I find it difficult to accept the proposition that 
that is what is indeed going on. 

Q Suppose I were sending a large quantity of flats 

to somebody who had a post office box in Berkeley, 

California and I have testified in this case that there are 

delivery problems with First Class flats, and let’s focus on 

flats that weigh two ounces. 

What would you expect me to do given my 

dissatisfaction with that service? Would you expect me to 

use Priority Mail for three dollars instead of First Class 

mail for 55 cents, just even though - -  and focusing on the 
fact that I am dissatisfied, what would you expect me to do? 

A I guess it depends on what they are being used for 

and what you expect when you get the service. 

There is a difference with respect to First Class 

flats compared to Return Receipt service. I mean if you 

have to get an item from one place to another and it is in 

ANN RILEY &ASSOCIATES, LTD. 
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hard copy you have limited alternatives to First Class mail. 

You can fax it, and maybe that is an alternative, 

but if you want to get the exact copy from one place to 

another, you have to get it there in some way. 

Return receipts are a little bit different. I 

think you used the term "a premium service" in that they are 

used over and above the basic mail service that the Postal 

Service provides. 

Customers can get a document from one place to 

another without using Return Receipt service, so I would say 

that the need for an alternative is less important in the 

case of Return Receipt service than it is in the case of 

First Class flats. 

Q On line 19 on that same page, you suggested that I 

use a different set of criteria in evaluating the Postal 

Service's products than most other customers are likely to 

use. 

Do you have any evidence as to the criteria that 

other customers use? 

A No, insofar as I believe that those criteria are 

reflected in the demand evidence, and in this case I mean I 

think that demand evidence shows that based on whatever 

criteria Return Receipt customers are using to evaluate the 

type of service that is provided, they are satisfied and are 

therefore continuing to use the product in greater amounts 
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every year. 

Q Is it possible though that we continue to use the 

service because sometimes it works and sometimes it doesn't, 

but we don't think it is worth spending $3 more for an 

alternative service, so the demand - -  so we continue to use 

the service even though we are not entirely happy with it? 

A Well, I mean that begins to get at the issue of 

the elasticity of demand for Return Receipts. 

I would propose chat the available volume evidence 

suggests that demand is somewhat inelastic, although the 

Postal Service hasn't presented any evidence on the 

elasticity for Return Receipt service. 

Yes. I mean if customers are marginally satisfied 

with the product and any increase in the price of that 

product will cause some customers to defect, but my price 

proposal for Return Receipt is predicated on the fact that 

the Postal Service does not believe that an increase of the 

magnitude that has been proposed will cause defection of 

customers from return receipt service. 

unauthorized 
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Well, I would assume if that 

that. 

'. . '-. do you make that statement? 

15 

16 

17 

18 

19 

20 

2 1  
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A Well, when I spoke to the personnel at the plants 

that are listed in that footnote on page 6, I asked about 

whether or not the IRS, in these instances, employed some 

kind of inventory system to indicate to the people 

processing the return receipts the date on which those items 

were received from the Postal Service, and the answer I got 

was that they did, which indicates to me that, just to use a 

hypothetical, if the piece was received on April 15th and 

yet was not - -  and yet, the receipt was not detached until 
the 16th. the IRS employee6 who detached the receipts would 

have been able to identify that that piece had been received 
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on the 15th and to apply the appropriate date to the 

receipt. 

Q But we don't know for certain that that always 

happens. 

A Well, again, I asked what the procedure was and if 

they have procedures in place to make sure that the correct 

dates were applied, and I was told that they did. I did not 

go out to conduct any further investigation. 

Q So, wouldn't that involve a postal employee going 

through every return receipt and comparing the number - -  the 
article number on that return receipt with some sort of 

record of when that piece was received and making sure that 

that the date was correct? 

A Well, I guess if the goal were absolute certainty, 

that's the only way to achieve that. 

Again, I'm not certain that's the best way for 

this service to be provided, and that is sort of the point 

of this section of my testimony, that the Postal Service and 

the IRS, in these instances, have developed a system that 

allows for normal operations to take place at IRS service 

centers but that still provides a safeguard to ensure that 

return receipt customers are getting the correct date on 

their return receipts. 

You're right. An additional safeguard could be 

for the Postal Service to go in and visually inspect every 
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single article, but that would undoubtedly create some other 

kinds of problems. 

Q But these procedures that are in place clearly 

allow for the possibility that my return receipt will be 

dated with a date other than the one on which the article 

was received, since the Postal Service doesn't check every 

return receipt against the delivery manifest. 

A Well, again, to the extent that no system is 

foolproof, that's true, but this is intended to be - -  this 
is a procedure that has been put in place to safeguard 

against that. 

Will there be exceptions when that is still 

allowed to happen? Given the magnitude of the volume 

involved, certainly, but those would certainly be exceptions 

and not the rule. 

Q You were concerned about a backlog that would 

result at the delivery acceptance point if the Postal 

Service required the return receipts to be signed and date- 

stamped in the presence of a postal employee? 

A Yes. 

Q At Christmas-time, doesn't the postal service add 

staff to deal with high mail volume? 

A Yes, they do. 

Q Why couldn't the Postal Service assign more 

employees to processing these return receipts at the peak 
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control over what the Internal Revenue Service does. 

What could happen is, if the Postal Service drives 

up to the IRS service center on the night of April 15th with 

150,000 first-class flats with return receipts and says, 

well, I need to stay here while you go through these one by 

one and sign each return receipt, I can certainly envision a 

situation where the IRS says, well, I'm sorry,  we're too 

busy to do that right now; if you come back tomorrow, we may 

have the staff available to do so, but we are not equipped 

to do that right now. 

I don't think, in that case, we would be doing our 

customers any kind of a favor by delaying that mail a day 

until the IRS is ready to deal with that volume. 

I think the procedures put in place are a 

reasonable way to deal with what is, you know, an unusual 

situation, which is IRS peak processing time in which, yes, 

the Postal Service can exert some influence but cannot 

dictate to the IRS what staffing levels they will maintain 

and cannot force the IRS to sit present while the Postal 

Service requires them to go through these one by one. 

In this case, the Postal Service does present a 

manifest that includes each article number for each piece, 

and the IRS signs that manifest, acknowledging acceptance of 
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each of those articles. 

Q And the cost of the system is the possibility that 

the date of receipt that's stamped on the return receipt 

will not be the correct one. 

A But again, procedures have been put in place to 

guard against that eventuality. 

Q And every facility that you spoke with had this 

procedure in place? 

A The ones I spoke to, yes. 

Q And you got no sense from them what percentage of 

the return receipts they checked or whether they did it at 

only certain times of the year? 

A I don't know what you mean exactly, what 

percentage they checked. 

Q Well, did they verify the dates on 10 percent of 

the return receipts or 90 percent of them? 

A I didn't ask f o r  specific numbers. The ones that 

I asked indicated that they had personnel on-site at the IRS 

to do quality control checks, but I did not press them for 

specific amounts. 

Q So, checks mean sometime but not always, not 

everything. 

A well, again, it's not a 100-percent verification 

process, no. 
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ERROR-IN.THE-VARIABLES BIAS PJ NONLINEAR CONTEXTS’ 

BY Zn G~ULICHES AND V w m  RINGSTAD 

IT IS WELL KNOWN that if some of our “independent” variables arc subject to random errors 
of measuremenl, the respective regression cocfficienls are likely lo be biased towards m o .  
It is not clear, however. what happens if the same error-ridden variables are used to estimate 
a more wrnplicated nonlinear relation. It  is the purpose of this note to investigate this problem 
for a very simple type of nonlinearity and to indicate. not surprisingly. that matters only get 

Consider the following simple “true” model. y = u + Bx + yx’ + e. with € P  = €ex = 
€ex’ = 0. This model wuld be interpreted as the Kmcnta [Z] approximation to the CES 
production function if we define y = In QIL and z = In KIL. Unfortunately. we may not be 
able lo  observe the true x, but only z = x + u where u is a random error of measurement 
assumed lo be independent ofx  (Exc - 0). What then is the relationship between the regression 
coefficients estimated using the observed variables y = d + + 92’ + ir and the true 
parameters B and y? We are particularly interested in the properties of our estimator of 7. 
since it will be our only indication 01 the nonlinearity in the relation. To answer this. we first 
have to rewrite the true relationship in terms ofthe observed variables 

worse. 

y = a + + yz’ + [-& - yu’ - Zyxc + e] 

where the terms inside the bracketsconstitute the new disturbance which is clearly not indepen- 
dent of z or z z .  

We also have to make some assumptions about the distributions of the various variables. 
We shall make strong assumptions which will enable us to get exact results, but we believe 
that our general conclusions are not very dependent on these specific assumptions. We shall 
assume,asis usual insuchcontexts, that theerror vhasa rcromeanand isnormallydislributed. 
In addition, we shall assume that x, the true (systematic) part of z .  is also normally distributed. 
and hence so is z .  (In terms of our example, we assume that both the true and the measured 
KIL are distributed lognormally.) Actually what we need here is only the assumption of 
symmetry ofthe distribution of x. Normality implies it but is not necessary for it. We shall use 
the assumption 01 normality laler on, however, to get a particularly convenient form for our 
final result. The assumplion of symmetry is a reasonable general assumption. It simplifies the 
algebra enormously by eliminating all odd moments. In a sense E(x - f)(x - i)’ = 0 is the 
best possible case for (second order) nonlinear estimation. as it abstracts from any mulli- 
collinearity problems. 

Assume also that we measure the variables so that i = 0 and hence /r = X = 0, and that 
weparameter~ourprobleminsuchawaythata~ = 1.a: = 2 c 1,andhencea: = 1 - i. < 1. 
Thus 

x - N(0. 1 - 2).  

u - N ( 0 , l ) .  

I - N(O. 1). 

and therefore 

21 - x’(1, 3, 
Y’ - x2(.1.221). 

’ This note is a byproduct of I hrger study. Economies of Scale and rhe Form OJ rhr Production 
Function, lorthcoming which has k e n  supported by the Norway Central Bureau olStatistics and by 
grants lrom the Ford and National ScienDc (GS 712 and GS 2026X) Foundations. 
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ERROR-IN-VARUBLES BUS 369 

Now, we know (stc [l, 31) that 

E@ - 8, = -Bb,,.,z - 2 ~ b i x ~ 1 1 . . 1  - y b . ~ , . z ~ .  

E(9 - Y) = -Bbu,. .x - 2 ~ b i m z a . z  - Y b u > z > . z v  
where, for example, bsz.,2 is the @artial) regression coefficient orr in the (auxiliary) regression 
of u on I and 2’. 

Since under our assumption ofsymmetry Err’ = 0. all ofthese partial regression coefficienu 
are qual lo the corresponding simple (first order) ones Moreover, given these same assump- 
tions 

c o v  (xIJ)z = [COV X’L. + c o v  xu’] = 0 ,  

cov u’r = c o v  uz’ = 0. 

p l h  
plim (7 - y) = -2yb,..,,. - yb,w 

and similarly 

Therefore 

- B )  = - Bb,,. 

W e  now ux the assumption of normality. which gives us simple relationships between the 
variance of a variable and the variance of its square. and our definitions (u: = 1 and u: = 2). 
to get 

b., = 1, 

Hencc, plim ( j  - 8) = -pi.. which is the same rcsult as in the bivariate case (since Err’ = 0) 
but 

We can rewrite this approximately as fi - p(1 - 2 )  and 9 - y(1 - U + A’),= y(1 - A)’. 
That is. in the p r a n c e  oferrors in variables, the coefficient or the linear term is biased toward 
zero by the factor (1 - LA where 1 is the fraction of error variance in the total variance in the 
observed variable. At the same time, the nonlinear term (the coefficient of the square of the 
variable in question) is also biased towards zero but as the square ofthe bias factor of the linear 
term.’ Thus, the problem of errors-in-variables is significantly more serious for the nonlinear 
terms. For example if A = .2, Bfp - .8 but f l y  - .64; if 2 = .4. b/p - .6 but f l y  - .36, and 
if A = .6, b/p - .4 while 9/y - .l6. 

In the Kmenta CES example, y = - 1/2pg(l - ,9). where the elasticity of substitution 
u = 1/(1 + p). Let tbe true u = 4 (hence p = 1)and p = 4; then the true y = -.I25 But i f 1  
were equal l o t .  tbcn 9 - -.031. We are doubly in trouble here. Not only are we trying to 

a If tbe x‘s are not nom1 but still symmeIric. we a n  wrilc Var x’ * k2(1 - 1)’ where k - I if 
I - N(O.l - 1). Then V u  I* - 24 where d = k - (k - I)(U - A’) > 1 if k > 1 and v i a  versa. Given 
thirappnr~tu~wegetdinthedenomi~toroltheplim(y’ - y)exprasionand ourlast formula becomes 

plim ( 9  - y )  = -2y1(1 - 1) - y1’ = -y1(2 - A ) .  

implying that the error-bm in 9 would be smaller if the true X*S are more thsn normally spread out in 
the rample and I a r p  if the true spread in x’s is less than that. 
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estimate a relatively small coefficient (even without errors in z, the I ratio for estimates of 7 
will be I s s  than one-half of the r ratio for ,% but the p r e n c e  of random errors in the measure- 
ment of this variable will make its coefficient even smaller (reduce it to a quarter of its true 
size for 2 = 5)’ 

All of the above discussion has b a n  in terms of simple regrwion with an added square 
term. It a n  bc viewed, however, as an approximation to the estimation of more general non- 
linear models. For example, the Kmenta model mentioned above has been interpreted as a 
Taylor series approximation (around p = 0) for the logarithm of the CES production function 

Q = A[BK‘O + (1 - ,?)L-p]-”pc’ 

This function can also be estimated directly by various nonlinear methods.’ While we have 
not proven this. we expect that our argument applies equally well to direct nonlinear estimates 
oicurvatureparameterssuchasp.since under a wide rangcolcircumstanfa the two procedures 
yield very similar results. 

In short, errors in variables are bad enough in linear models. They arc likely t o  be disastrous 
lo  any attempts to estimate additional nonlinearity or curvature parameters. 

Harvord University 
and 

Uniuersiry ofOslo 
Manuscript rccrivrd May.  1969; revision recrived June. 1969 
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t-ipecially noteworthy have been the devclopmcnt a1 vanom lonyiudmd m ~ m -  
data scti (such as the Michigan WID taper. and Ohlo State N1.S ruwcyr. the 
Wisconsin high school class lollow-up study. and others).' the computcnratlon or 
thc more siandard dau b a s  and their u s m  aFccsabbhty a t  the mm, .  mdwdual 
rcrponx level ( I  have in rmnd hcrc such dwclopments as the Pubbc Uw Samplcr 
lrom the U.S. Population Casus m d  thc Currcnt Population Suwcyr) ' Unlor- 
lunalcly. much more proyor h u  becn made with labor lorce and mcnmc type 
data. where the samples arc large, than in the avulabillty of firm and olhcr 
markcl transaction dru. While s iy i f iun t  p royus  has btcn made I" Ihc WIICC. 
lion 01 financial data and vruri ly prices. u cxcmpbficd in the dcvelopmcnt 01 Ihe 
CRISP and Cornplat data brvr which have had a lrcmendous impact on Ihc 
field 01 financc. we u e  IriU 'in our inlancy LT lu m our ability IO tnlenogaic and 
get rearonable answn aboul other a s p x s  01 firm behavior IS concerned. Mort of 
Ihc availablc miuodrU at ihe firm Iwcl are based on ley l ly  required rerponscr to 
questions lrom various rcgulalory agencies who do not havc our intcrertr exactly 
in mind. 

We do have. hew. now a number 01 almsiw longrludinal mcrodata sets 
which h a w  opcned a host or new pooribihtics lor analysis and also rused a w h d c  
range 01 ncw ISUU and wnccms. Allcr a daade or more 01 rtudm that try to 
use such data. the resulu have been romcwhil diuppointing. We. a i  mnomctn- 
cianr. have lumed b yut d u l  Imm lhrv ciforts and dwcloped whole new 
subficldr 01 expertise. such u sample selection bias and p a 4  dam anrlyar. Wc 
know much more about thcw kinds 01 data and their limilationr bui II IS not clear 
chat we know much m e  or more precisely about the roots and modes 01 
economic bchavior that underlie them. 

Thc e n w m l c n  between aonomelricians and data arc frurtrmng and uhs- 
malely unsatirlaciolyboth baause econometricians want tm much lrom ihc davn 
m d  hence tend to be disappoinlcd by the  answer^. and bccauw Ihc data arc 
incomplete and imperlal. In part i t  is our IauIt. Ihc appetnv yowr wnth eating 
As we gct larger samples. vc keep addins variables and ciprndmg our mnlclr. 
unltl on thc maryn. we wmc back IO the u m c  innyificancc lcvcls. 

Them arc at bast lbce inlenclaled and overlapping caufcs 01 our dlfficulucs 
(I) the thcoty (model) is tnwmplcteor incorral; ( 2 )  the u n m  are wrong. clthcr 31 

la, hi@ a levcl 01 awcy l ian  or with no way 01 allowing lor thc hetcrogencmiy of 
rcrponrcr: and. ( I )  the data are inaccurate on thcur own terms. L ~ C O ~ ~ C C I  rclnuve 

'!+< t b r w  #BPI>) l a  a r-ni $YCCV 01 Inny8udm.l d.8. XI.. 

lhir w r r q  I\ .  pcrlomv, rmlcrrd 0" I! S dsla md cxpcncmc. whs<h I \  r h a  I AIIO !m,w tmul,.,, 
w h  rhc lwcld dcrrlnpmmh h r r - .  h w  ldlwrd m m l a r  pauc~rn~  t ~ t ~ ~ ~ e  ..ahrl I,ll,nt,ll\ 

A i  thc m d c w  lcvcl and cvcn In ihc usual nndustry lcvcl study. II 15 common 10 

asumc away thc underlying hetcrogcncnty ol the tndwndual actors and analyze 
thc dam wilhin thc lramcwork ol the "reprcwntative" firm or "rvcragc" ~ndtvod- 
~ n i i l .  ignoring Ihc agrcgatlon dlfficultncr arrocmtcd wgth such conccptr In andyt-  
mmig micrnlala. 11 IS much more dnfficult to evade t h s  m u c  and hcncc much 
iiltcntinn &I paid to vanous individual "cKectr" and "hetcrogenenty" ISSUCS. Tht ,  
15 wherein thc promw 01 lonytudunal data her - then ahhty to control and allow 
lor addtlwc individual eKcctr. On ihc other hand. as 15 the case xn most other 
aspects 01 cconom8cs. thcrc IS no such thing as a lrce lunch: gang down to the 
individual  IN^ exacerbates both some 01 the le11 out vannblcr problems and 
the imporlancc 01 errors in mcasuremenl. Vanablu such as age. land qualrty. or 
the occupstlonal s~ruucturc or an enterprise. arc much less varlabk in thc awe .  
gatc. l y o n n g  ihcm at the mcro level CM be qum wstly.  howcvcr. Stmilarly. 
mcawrcmcnl crrors which tcnd 10 canccl out when avenged OW thousands or 
cvcn mllions 01 respondents. loom much larger when the indindual is the unit 01 
analysts. 

It is  possible. 01 wurse. 10 lakc an allernatwe view that there arc no data 
problems only modcl problems In emnomelncs For any XI o l  data therc IS thc 
"right" modcl. Much 01 aonomclncs is dcvoted to procedures which try to assess 
whcthcr a particulz.r model IS "ng.hl" tn this xnx  and to cntena tor dccidtng 
when a partmlar model f i ls  and IS "wrrat enoufl (see Chapter 5. Hcndry. 
l Y X 3  and the IIIcraturc ntcd there). Thwnsts and modcl builders oltcn procccd. 
howcvcr. on thc assumption that i d u l  data will bc wadable and define variables 
which arc unltkely to be obxrvablc. at  kart not ~n thelr pure form. Nor do ihcy 
rpccily in adcqualc detail Ihe wnnallon betwcen the actual numbers and their 
thcorcticpl wuntcrparts. Hence. when a wntradictnon anxs 11 IS then porsiblc to 
argue "so much worw lor the Iaclr." In practiu one cannot cipect thwncr 10 be 
rpccificd to thc last detail nor thc data to bc pcrfecr or 01 the samc quality sn 
diKccrent contexts Thus m y  xnous data analym has to consider at kart lwo data 
gcncratlon components' the aonomlc bchanor model dcrcribing thc stmulus- 
rcsponse bchavlor 01 the -nomic actors and thc musuremcnt modcl. dcscnbmg 
how and when this behanor was rsordu l  and summanzed While 11 is usual 10 
locus our attention on the lormer. a complclc analyrls must wnrdcr ihcm both 

In  thn chapter. I dwurs a number 01 tssues whach ansc m the enwunter 
hctwccn the ccnnomctncian and -nomic data. Smcc they permeate much ($1 
~ E O ~ O ~ C ~ T I C S .  there 1s quite a B t  01 overlap wxlh mmc d thc other chaplcrr tn the 
Il;indhonk 'Ihc cmphaw hcrc. howcvcr. IS more on ihc problem\ that arc pwcd 
hy Ihc ~ . i r i o u \  r\pcc!r cvonomic data than on the y)cctI~c ierhnolciglc;d 
* ~ i t ~ l i t i i n  10 ihcm 
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Such considerations lead one to conrldcr the rnlhcr amorphcw ~iotitin 01 d;tta 
"quality." Ultimately. quality cannot be defined tndcpcndcn(ly thc m t e w l d  
usc 01 the particular data rei. In practice. however. data arc used lor multipk 
purpowr and thus 11 maku some YDY IO mdscale some gcncral nolions of data 
quahty. Earlier I lirtcd cxtent. rcliabilty. and validity as the thrcc malor dtmcn- 
rions along which one may Judge the quahty of diii'crent data wls. Extent 1, i) 

synonym lor richness: How many variables are present. what meresting que\- 

lions had been asked. how many yurs and how many hrmr or individuals were 
wvcrcd? Reliability i s  aclually a lahnical lcrm In psychomelncr reflecting the 
notion of rcplicrbility rod measuring ihc relative amount 01 random mcilsurc- 
mcnt cnor in thedam by lhc wnelslion caficicnl belwecn replicatcd or related 
measurcmenl 01 Ihc IUM phenomenon. Note that a mcasuremcnt may be highly 
reliable in the MY Ih8l il is a YCIY god muSUrC 01 whatever kt measures. bun 
s t i l l  be the wrong -we for our particular purposes. 

T h i s  brings us 10 Ihc nolion 01 validiiy which can bc rubdividcd m turn into 
reprercntalivcneu and rClNancc. I shall wmc back 10 the iksuc 01 how rcpre- 
xnta l iw i s  a body 01 dala when we d i m s  issues 01 missing and inwmplcie data 
It will snficr to nmc h e t h i l  it wnlains lhc tahnical notion 01 coverage: Did all 
units in the rclcvanl uNwnc have Ihc yme (or allernatwcly. diKcrcnl but known 
and adJuslcd lor) probability 01 bang wlalcd in10 the sample that undcrlies tlur 
particular data xl? Cowrage md rdev.nce are related concepts which shade OW 

inlo issues that arise from Ihc u x  of "proxy" variables ~n m n o r n ~ t n ~ ~ .  The 
validity and rclcyance quulions rclatc leu lo  Ihe ISSUC of whcthcr I particular 
measure i s  a good (unbiased) estirmlc 01 rhc assomled population parameter and 
more 10 whcchn il nua l ly  wnesponds 10 Ihe conceptual vanable of interest. 
Thus one may haw a good measure 01 current pnccs whnch arc st i l l  a rather poor 
indicator of the cunenlly cipclcd lulurc price and relatively extensive and well 
measured 1Q lest y o r u  which may still be I poor measure 01 the kind nf 
"ability" that i s  rewarded in lhc labor markct. 

, !I .'( I ....e .m1,, IO",., ,,,",. , I , ,  

~ w n c s  o r  xncluded nn their wrrwlum Among the many oflicml and w n . d i c d  
d a t a  hare ~CVICWS onc should mentoon erpecnlly the C'rcamrr (iNP Improvement 
repwt (II S Ikparlmcnt 01 Commcrce. 1979). the Rccs comintttee report (3" 

prixluclivily mcasurcmm (Natmnal Academy of Scocnces. 1079). the Suglcr 
comm%ltcc (Natnonal Bureau of Frononuc Research. 1961) and the Rugglcs 
K'ouncil on Wagc and Pnce Stabilily. 1917) reports on pnce slatistius. the 
Gordon ll'rcsidenl'r Comrmtlcz 10 Appraw Employment S t a l ~ s t ~ c s .  1962). and 
thc I m t m  (Naaonal Comnu!tec on Employment and Uncmploymml S~mst~cr .  
1079) comnuttee reports on the merruremnt of employment and unemploymcni. 
and the many conlmuous and illuminating dixurrlons reparled in the procecd- 
mgr volumes 01 the Conlcrcncc on Rexrrch in lncornc and Wcalth. especially m 
volumes 19. 20. 22. 13, 34. 38. 45. 47. and 48 (National Bureau 01 Economtc 
Research. 1957 ... 1983). All thew relerenccs deal almost ciclusivcly wilh U.S. 
data. whcrc the dcbatu and rcncwr have becn more extensive and pubhc. but ore 
also rclevanl lor similar d m  clwwherc. 

A I  the national mwme .cu)unu lcvcl thcrc are scnous dchnilional problems 
about the borders of mnomc ict inly (e.&. home productmn and the invcrtment 
value 01 children) and the dirunction bclwuecn final and intermediate consumption 
sclinly (e.& what Iraction 01 education and health crpendlturer can be lhought 
01 as final rather than mermcdtaa "goods" or "bads"). Thherc arc also dnficult 
mcasuremenl problcmr & a i d  vllh ihc eustcnce 01 ihc underground aanomy 
and poor coverage 01 some 01 chc major sewice sectors. The major wnous 
problem from the ewnomelrx pcinl 01 vim probably occurs in the mcasurcmcnt 
of "rcal" output. GNP or industry output in "wnstanl pnccs." and the asuxiated 
gruwlh measures. Since m a l  01 #he outpul measures are dcnvcd by dividing 
C'dcflatmg") currenl value totals by ynne price index. thc qualtty of thew 
measures is inllmutly mmted to the qudlty 01 the wadable price data. 
Hccauw of this. 81 IS impossible lo treat mors 01 mcasuremenl ai the aggrcgntc 
lcvcl as being mdcpcndent a c r w  pncc and "quanl~ty" measures. 
lhc availablc p w  data, cvm when they arc I good mdcalor 01 what they 

purport to measure. may st i l l  be inadcquatc for the lark of deflation. For 
prcductiwty compansonr and lor producuon functfion citimation the ohrcrvcd 
prices arc supposed IO reflcct the relcvmt marwnal costs and re*muts in a. at 
Icau temporary. competmve cquilihrium. But this IS unlikcly t o  hc the C ~ Y  ~n 
\cctors where output or prices arc controlled. rcgulatcd. wbstdmd. and sold 
under vanous multi-part ariii's. Bmuw the pncc data arc urually h a d  on thc 
pncmg 01 a few wlccled nlcms an partocular markets. they may not corrc$pond 
wcll to the avcragc rcallzcd pnce lor thc mdurtry as s whole durlng a p a r t # d r r  
Ism pcncd. hoth hccaurc "casdy pnced" ilcms may no1 hc rcp ic~cn la t~vc  thr 
.mvrmgc price movements In the indwlry as a whdc and heumr many irimlac. 
t i z i m  arc mndr w111? I( lag. hrwd on long t m n  C O ~ I ~ A L I S  ' Ihcrc  arc i t k t !  pr,,hlet,r\ 
I i i \ t i i ~ i ~ ~ ~ I  w l h  grtl8!~): ;ICCUI.IIC t r m ~ x i w m  pee\ (Krt#rk.bl .mntl ~Iul \c.r .  IV(d1 . I l l t i  
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Connected to this IS d ~ )  the difficulty 01 gctting rclcvant l ihor prices Mor1 01 lhc  
usual data sources rcport or arc b a d  on data on average annual. wcckly. or 
hourly errnrngs which do not repre~n l  adequately eithcr thc marginal w s l  01 a 
particular labor hour to thcemploycr or the margnal rcturn to a worker lrom Ihc 
additional hour 01 work. Both arc aKecled by the existence al ovcrtimc premia. 
lringc benefits. training costs. and transportation wsts.  Only recently has an 
cmploymcnl WSI index k e n  developed in the United Statu.  (See Tnplcu. 1983 
on this range of issues.) From an individual worker's point of view the cxtslence 
or non-proportional tu( schedule introduces another source 01 discrepancy 
betrvecn the o b m c d  wage rate  m d  the unobserved marginal alter tax net 
returns from working (see Hausnun. 1982. lor a more detailed discussion). 

While the conceptual discrepancy b c t w m  the desired concepts and the avail- 
able l l w u r e s  dominate at the macro kvcl the morc mundane top~cs or errors or 
mcasurmenl and Inking md inurmplcle data come to Ihc lore at the rmcro. 
individual SVKY M. llis topic i s  Ihc subject of the next y ~ l i o n .  

While many of the macro senu m y  bc also subject to cnorr. the errors an them 
rarely fit into the lruncwrk of the classical errors-in-variables mcdcl (EVM) as 11 
has b a n  developed in oonanctricr (see Chapter 23 lor a dctulcd exposttion) 
They are more likely 10 bc syslcmalic and corrclatcd over limeb Micro data arc 
subject to at l u s t  three lypu of discrrpancies. "errors." and fit thlr Iramewurk 
much better: 

(a) Transcription. Irmsmiuion. n recording error. whcrc a correct response IS 

recorded incorrectly ather b u w  of clerical mor (number transposition. skip- 
ping I line or a column) or because the observer misunderstood or rmrheard the 
original rcrponx. 

(b) Rcrponw or sampling error. whcrc the wnect underlying value wuld be 
ascertained by a morc ealcnsivc sampling but thc actual obwrved vduc is  not 
equal 10 the desired underlying population paramclcr. For cumplc. an IQ test i s  
based on a sample 01 responses to a wlscted number of qucruonr In pnnciplc. 
Ihc mean of a large numbcr of ICIU over a widc range of qucrttonr would 

*Fm an " c i i a  .n.lpa" 01 n.9im.l I_- x-n# dam h a d  m oh d a u r r p a l x w  k i r r m  
pr4ornana~ 2nd '"lnd"ni8nalrr m Colrll9bPl. Youni(lP74l. and I l n I w \ k y  l I Y 1 2 1  I'SII an c i l r l i r i  
mO1c .trlr,td rrdu.tlm bun( - suh,rrm c ~ ~ m a a c ~  ot the dlnrrmmi uyIill. I,, ,h. I.lltlll. 
'"~n&rr4bcm,' '  tunrr) d such ~ c w n i i  - Kwunru I I V W  c h w u  1 2 1  

<)I ? \  l # m m w  Ikau l i iwi 141, 

mnvcrge to some mean level 01 "ahdity" nrwrmtcd with thc range of suhjecth 
heing Iestcd. Simdarly. thc rimplc permanent mwme hypothcris would asxrt that 
reported incomc in any particular year i s  I random draw from a potenual 
population 01 such inwmcs whox m a n  6s "permanent income." Th is  IS the case 
whcrc the obxrvcd vanable i s  a direct hut falhble indicator 01 the underlying 
rclcvaot '' unobwrvablc." "latent factor" or vahabk (ICC Chapter 21  and Grilrcher. 
1974. lor more discussion of such concepts). 

(c) When one 1s lacking a direct measure 01 the desired wnccpl m d  a "proxy" 
vanrblc IS used instcad. For example. consider a model which requires a m s u r c  
of pcrmrncnt mwme and a sample which has no inwmc measures a1 all but d a s  
haw data on the estimated market rnluc of the family residence. This housing 
vduc may be related to the underlying permanent income concept. but not clearly 
IO. Fmt. it may not be in the same Y ~ I S ,  urond i t  may be aKectd by other 
vanabler also. such as houx prim and family sue.  and third there may be 
"random" discrepancies related to vnmurured loutional lactors and events that 
occurred at purchase time. While thew kinds of "mdiutor" variables do not f i t  
anctly into the classical EVM Irmcwork. their v u i m c a .  lor example. need not 
exceed thc variance of the true "unobwrvablc." they un be fittcd into this 
lramcwork and treated with the 

mere uc two c l a s y ~  or CLVI which do not r d l y  hi h i s  framework: Occuion- 
ally one enwunters luge transcription and recording errors. Also. sometimcr the 
data may be wnlminatcd by a small number of cases anring from a very 
dilTecrcnl behaworal model and/or stochastic praas.  Somctimcr. Iherc un be 
caught and d u l l  with by relrtivcly simple data cdiling p r d u r e s .  I f  this kind of 
problem is  rurpczted. it i s  brrl to turn to the UY of some version of the "robust 
estimation" methods discussed in Chapter I I .  Hue we w i l l  be d d n g  with the 
more common gcncral crrors-in-meLlurcrmnl problem. one that i s  likely to aKect 
a large frrcUOn O f  Our obwrvslions. 

The other - that docr not 61 our framework i s  whcrc the true concept. the 
unobwrvable IS distributed randomly rclalwc to Ihe measure we have. For 
cxrmpk. it is clear that the "number 01 y e a r  01 school wmplctcd" (S) i s  an 
C ~ ~ O ~ C O U I  measure of true "education" (E). but i t  i s  morc likely that the 
discrepancy betwcen the two concepts i s  independent 01 S rather than E .  1.e. the 
"enor" 01 ignoring diKcllcrcnccr in the quahty al  schmhng may be independent of 
the musued y u r s  01 schooling but is clearly a component of the true measure 01 
E. The problem here IS a left-out r e l ~ a n t  vhablc (quahly) and not measurcment 
enor in the ru i rb lc  as i s  (ycarr 01 school). Sirmlarly. il wc u x  the lorecart 01 
some model. based on past data. to predict the exp=ctatsonr of economic  actor^. 
wc clearly wmrml an enor. but this error i s  independent 01 the forecart lcvcl (11 
this lormart IS oprimal and the actori haw had a-s to the qsmc inlnrmatwn) 
.I'hv t y ~  01 " ~ r r ~ r "  docs not induce a hias nn the Cstimaied rculkicnir  and can 
hc mcorprared m u  the standard dirturhancc Immework (<ce Hrrkwn. 195u) 

mthodr. 
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with the observed 

. = 1 + 1 .  

substituted instud. I1 both I and t arc normally dirtnbutcd. t i  u n  be shown 
(Grilichcr and Ringstad. 1970) that 

pbm& -8(1- A), (4.11) 

vhik 

plim2- y( I -A) ' ,  

where i, and 2 u e  Ihc estimalcd OLS cadhamu in the y - e + bx + cx2 + u 
equation. That is. hi- wda tams 01 Ihc equation u c  even more aiiccted by 
morr in wuurrmml IhM lovcr order ms. 

The impact of am- in the kv*r 01 the variables m y  be r e d u d  by 
aggregation and qgranud by diUu&& For exmplc. in the simple model 
y - a + B z  + c, x - I + e, the u p p l o t i c  b i u  in thc OLS b,, i s  equal IO -PA. 
while tbe b iu  01 Ihc 6rsl diUemcod e s h t o r  [ y , - y , - ,  - b ( x , -  x , . , )+u , l  is 
qual  to - 8A /(I - P) Whcrc P now s u r d s  lor the h t  order s e d  correlation 01 
Ihc 1 ' s .  Md un be much bighs than in lmls  (for p > 0 and not too small) 
Similarly. compuhg "mlhin" o h i a  in panel data, or differencing across 
brothers or twins in micro daw cam mll in the clrminition of much 01 lhc 
rzlwant var iMU in the obsuvd x's. M d  a grul mryification of the OOIY IO 

si@ ratio in such wi.blu. (See Grilicher. 1979. lor additional exposition and 

dilluenl variables cannot be assumed to be indepco- 
dent of each other. TO tbe u t a 1 1  Ih.1 Ibc form 01 the dependence i s  known. one 
un derive rwilu 1om111I.e lor lbue mom mmplicaled UYI. The simplest and 
mmmonul cx.mpk QZYn when a variable is divided by loothcr erronmus 
variable. For u.mpIs, "wrgc raws'. u e  olm~ computed as the ratno 01 payroll to 
lotd m M  hours. T O  IhC cxlcnl 01.1 h w n  u c  musurd with e multiplicative 
error, 10 mll be alto Ihc resultin$ wagc ra.(p (but wilh opparilc sign). In such 
wntcxU. the biasu of (wy) the c r h t d  wage uxfficieni in a log-hnur labor 
h U \ d  lunction will be tmudr - 1 nk than mro. 

The stov i s  si&. though the algebra &CIS a bit more complicated. i f  the Z'I 
arc u l c g o n d  or zero-mc variahks. In lhis CLV the errors msc lrom misclar- 
s i f io t im and the v a r i u ~ c  or the enommusly obvrvcd I need not be hi& than 
the variance 01 the true 1. B i u  lomulae lor such cw arc prescnlcd in A i y c r  
(1973) and FracmM (1984). 

How does one d u l  with erron 01 mururcmcnl? As IS well known. the standard 
EVM is not identified wthovt the introduction 01 additional mformatmn. cnlhcr 
in Ihc form of additional data (replication and/or rnslrumcntd vrrmble,) ( ~ r  
addiliond a<sumptionr. 

eumples.) 
In tome u s u ,  QTOR 
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Prnedurcr lor uumatbon wth known A's are outlined in Chrplcr 21. Om&- 
rionrlly we haw a-s ~ ~ " r e p l i o l e d "  data, when the same question i s  asked on 
dilkcrcnt acasronr or from diKuenl obsewcrs. downng us to crlimatc the 
vannnce 01 the "true" rariablc lrom thc covariance becwecn the diKcrent mea- 
wrcs 01 Ihc ~ u n c  conccpt. This type 01 an approach has bcen urcd in economics 
by Bowles (1972) and Bomr and Neslcl (1971) in adjusting estimates of parental 
background by cornparin8 the reporu of dtKermt lunily members about the same 
concept. and by Freeman (1984) on a union membership variable., based OD a 
camparison 01 worku and employer reports. Combined with a modelling ap- 
proach i t  has becn p u r s d  vigorously Md ru-fully in M o b  in Ihe works 
of Bielby. HBUSC~. and Fulhcnoln (1977). M u u @  and Hauser (1983). and 
Marc and Mason (1980). wbilc rhuc are diBmllies with assuming a similar error 
variance on diKcrcat d o n u  w lor different observers. such assumptions can be 
rclued within Ihe Iruaowrt 01 a larger d e l .  This is indeed thc most 
promising approach. one that brings in additional 'mdepmdenl evidence about 
the actual magnitude 01 such mors. 

A I ~ O S ~  d~ other app~ovber UD be thought or u finding a ruumablc x t  or 
instrumental variables lor he problem. variables that are likely to be conchled 
with the true Uodcrlyiq z. but not with either Ihe musuranenl error e or the 
cqurtion enor (&sturbwce) e. Onc of the urlicr md simpler appliutions 01 this 
approach was made by Gnliches and Muon (1972) in allmating an Umings 
lunction and worrying about cnors in thcir ability mururc (AFQT lest swrcs). 
10 a ..true.* quation or  he iorm 

y - a + B s  + p7+ 6a + e, (4.12) 

where y - log wages. I - tchmh& 0 - abfity, M d  x -other vuiablu. they 
substituted an ob& lest yore I lor the unobserved ability variable and 
assumed that it was mcsurcd with random error: I - o + I .  They uud lhcn a set 
or background variable (parental stalus, reeons of ongin) &s instrumcnlal 
variables. the C N C ~  assumption being that l h c v  background variables did not 
belong in ~s equation on IhUr om accord. Chamberlain and Gnliches (1975 
and 1977) uwd "purgcd" inlormation from the siblings 01 the respondents as 
inrtruments to idcntily lheir models (se PISO Chamberlain. 1971). 

Various "ywping" mIhods 01 esumation, which use city averages (Friedman. 
1957). industry average (Paku. 1983). or size class averages (Grilichcs and 
Rmgsud. 1971). to "cancel out'' h e  errors. can be all interpreted &s using the 
clarsificrtion lramcwork ai a set 01 instrumental dummy vmables which arc 
assumed IO be corrclrtcd wth ddlucnccr in the undcrlymg true values and 
uncorrclatcd wilh the random meaiuremcnt errors or the transitory fluctuations.' 

' ~ i r o u p ~ n t  rnclhod, Lhsi do mi YY an '"wUludr" tr-pms rnlrnnn hut YC b a d  on sro~p#ns on I N 
N 
cn 
w 
w 

ahnc  (or u s q  SIX r a d s  Y mllrumnfll Y c  "08 8n s ~ ~ r l l  (.onimml -11 need not r r d u c  th I :V 
~n , lu~cc I  hmr (%< l U < s ,  I9821 
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Thc more complac MIMIC typc models (Mulliplc mdic-aiorr multrplc UWCI 

model. rce Hauser and Goldbergcr. 1911) arc basically full nnrormauon v c r ~ n ,  
of the mrtrumcntal vanabla approaches. wtlh an attempt to gam cmotncy hy 
spccarylng the complctc syrtcm in p u l e r  dclul and csumaimg ,omly i n  the 
Gnliches-Mason u u n p l c .  such a model wwld C O ~ S I S I  of ihc rollowtng ICI or 
equatlonr 

a- x S , +  8 .  

(4.13) 

where o i s  an unobmcd”abili1y” fxtor.Md Ibe”uNque” dirturban- 8 .  e ,  v .  
and I are urumed .U lo be m u l d y  u n d l e d .  With enough d ishc l  x.5 and 
6,+6,. this model is atimable either by kimmcnlal variablc methods or 
m u i m w  Iikclihood wlhods. The b m w n  likelihood versions arc equivalent 
l o  estimating the &awd rcducrd Iwm rystcm: 

l - x 6 , + g + e .  

(4.14) 

io%posh& the non-limu paru~ter raITiFtiooI . u r n s  Ihc cquationr and rcvienng 
additional hformauocl about h m  from Ibe variMcc-cov~ance matrix of the 
residuals. g k n  Ibe no-comlation ruumpum I b w t  che E’S. g ’ ~ ,  “’5. and e’s. I t  
i s  wsiblc. for uunplc .  LO m i r i m  YI ertirm~e of B +  r,/r, from Ihc 
vlriancc-covuiana nutria and pool il *ith thc alimates denved from the 
reduced form slop mffidcnu. In Iqa. wm wn-identified modclr. there arc 
more binding rerlrictlons u I M a h 8  the variance-covarimcc mat* or thc 
residuals with the dope pumcler utimala.  Chamberlain and Gritiches (1975) 
used an expanded version d Ibis typc or model wilh sibling data. .ssurmng thal 
the unobwrvcd ability variable has a vanlmc-Fomponentr SINCIU~C. Aasnesr 
(1983) uys a similar lrMmork and wnsumcr expcndilures survcy data IO 

eslimale Engel functions and ulc  unobsawd distribution 01 lolal consumption. 
All or thcV models rely on two key assumptions: ( I )  The o r i ~ d  model 

y * (I + Bz + e is wmeci for all dimmsions of lhe data. I.c. thc fl paruncttr I% 

stable and (2) T h e  unobserved erron arc urnonelated in some well rpaihcd 
known dimension. In cross-section4 data it is common IO assumc lhal #he z ‘I (the 
“ITUC” valucr) and thc c’s (Ihc musurerncnt crrorr) arc barcd on mutually 
indcpcndenl draws from a partular  populrtm I1 I not porsmhle 1 ~ 1  mmnimtn 

1.11 < h il Eroin-8r Dmu 1 3 s ~ ~  

this assumption when one moves IO ttme rcnei data or to prnd data (which arc a 
cross-scchon or umc wrics). at l u s t  as far as the 2 ‘I arc concernd. Identification 
must hinge then on h o r n  differences UI the u)vmancc generrlmg lunclrons Or 
the 1 . 5  and the E‘S. The simplest cay is when the e’s un be taken as while (,.e. 
uncorrclrled over time) while the r ’s  uc not. Tha, lag& I’I can be ”sed as 
valid inllNmcnU IO idcnliry @. For cxmple. the “conln~I’* estimator subgcsted 
by Kami and Wcismm (1974) which combiner lhe diKucntially biased lcvel 
(plim b = B - 68.) md hrst diKtrcna atimaton [plim ba - - BA/(l- p ) ]  lo 
dcnve conristml estimators lor @ and A ,  a n  be rho-. for suuolury x and y.  10 
bc cquivalenl (rrymplotiully) to lhe UY 01 lagged X ’ S  as insuummu. 

W h i k  it may be dit%dl Io mlrnlaim Ibc hypothesis that mors 01 meLIUrcmcnl 
arc entirely while. rhnc arc many difiuent hcaulhguur which still lllm Ihc 
identification of 8. Such i s  lhc UY if Ihc errors can be lhwghl of u a 
combhalion 01 1 “pumanenl” mor or ~rpncepuon of or by individuals and a 
random hdepeodml o w  timC mor componml. Tbc first p m  can bc cncom- 
parred in thc usual “wrrclatrd.. or “ h a d ‘  d a b  framework witb the “within” 
maurcmcm mors bdng whitc dlcr all. Identihution u n  be had lhen from 
eonwasting Ibe mxqurncu or diKCrmeing over dificring lengths of lime. 
DiKercnt ways 01 difiermcio~ all weep out the individual eKs% (14 M CnorS) 
and i c ~ c  US with the r0u-g kinds of bias rormdac 

phmb,,= B( l  - 2 0 ~ / s ~ ~ ) ,  (4.15) 

plimb,a=B(1-20.’/r~,). 

where 0: is thc variance or thc indcpndml o w  lime component of the r’s. l A  
denotes lhc transformalion x ,  -I, while 2 6  indium difiermca taken two 
periods =put: I, - x, and IO forth. and lhe 1”s uc the mpcctivc variances or 
such diKcre- in I. (4.15) can be 10lve.d to yield: 

(4.16) 
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Ialcd over lime Consndcr. for example. the rmplcrl case of T = 2 Thc prohahd 
~ t y  llml of the va(Unce-covanam matni betwecn y and x IS y v e n  hy 

(4.17) 

where now I* s t u d s  In thc variances and wvlnanccs of the true 1 .5 ,  0’ i s  thc 
variance of the 1.1. and p is cheir first order wrrchtion wcfficicnt. I t  i s  ohnour 
thal il the 1.1 arc non-stationary then (wvy,~, -wvy2x,)/(varx, -varx,)  and 
( c o v y , ~ ,  -wvy,x,)/(wvx,zl - w v x 2 x , )  yicld wnsulenl a t i m r t a  of 8. In 
longer panels this appro& un be utmded to accommodate addmanal error 
correlations and thc suprimposition of “oonchtd cRccu” by usmg its first 
diRcrenm MalogW. 

Even if I h C  2’s were slationq. i t  is always possible to handle the conclatd 
errors CLV provided ulc w n c l a b  is knmn.  T h i s  rarely is the CIY.  hut 
occasionally a probkm un be put into this framework. For crmplc. crpnrl 
m u s u m  arc oilen subject to mcUurtmenl mor but thew errors cannot be taken 
as u n w m h l c d  ova t h e .  since thcy ue cumulated over time by Ihc W ~ ~ I I U C I ~ O ~  

of such mcpsura. But if one vue willing io assume that the mors w u r  
randomly in the musu~cmenl of invetment and they arc uncorrelatd o w  ttmc. 
and the Vcighhg Ichemc (the depreciation ntc) used in the wnstruclion of the 
u p i u l  stock Inmure U h o r n .  lhen lhe unclation bclwccn the crrors in the 
stock lmls is also known. 

For unmplc. i1 one is mterestcd in estimating the rate of return to some capial 
wncept, where Ihe true equation is 

w, - a + rK: +e,, (4.18) 

w is a mcUure of p r d U  and K. is dcfincd as a gcomctrically weighted avcragc 
of past true investmcnu 1;; 

K: - 1: + AK,?, - I:+ A I , . ,  + A’l,.,+ . . . ,  (4  19) 

but wc do not o b m  1; or K; only 

I ,  - 1: t c,, ( 4  20)  

‘I am inclrhlrd w A Pako lor ohis ~*>m# 

! 

< h !I I < ~miiiii llmv Iirws t w  

whcrc r, IS an I 1.4. mor  of m~asuremcnt and the ohrcrvcd X, = 2A’/, , i s  
constructed from the erroneous I ynes. then i f  A IS takcn 1s known. which i s  
implicit nn mort rwdicr that use such capital measurCs. instead of running 
versions of (4 181 tnvd6ng K, and dealing yith correlald rnraruremenl errors 
wc can csttmatc 

- , -AT ,  , = n ~ l - A ) + , l , + ” , - A ” , . , - , ~ , ,  (4.21) 

which i s  now in standard EVM form. a d  use lagged values of I as instruments. 
l faurmm and Watson (1983) use a simlar approach IO estimate the seasonality in 
the unemployment wries by Irking advmtrge of the kwwvn correlation in the 
measurement crrors introduced by the particular structure of the sample deign in 
their data. 

One rids to rulerate. that in lhev kinds of models (as is also LNC for the r a t  
of cmnometncs) thc umsistlcncy of the final estimates depends borh on the 
wrrsctnesr of thc asumcd economic model and the -cctnus of the assump- 
tions about Ihc error s t r u ~ l ~ r e . ‘ ~  Wc tend IO foeus here on the latter. but the 
former 1s probably more imponant. For cmmplc. in Fncdmm’s (1957) classical 
pcrmancnt inwme wnrumplion function model. the crtimrled darticily 01 con- 
sumption with rupect to inwmc i s  a direct crtimite of one minus the error ratio 
(the ratio of the variance of transitory income IO the variance of mcpsured 
incow). But ths umclusion i s  conditional on having asrumd that the INC 
clarucity of consumption with respect to permanent income is unity. If  khat is 
wrong, the first wnclusion d m  not follow. Similarly tn thc profit-capital stock 
eiunplc above. wc CM do something b u w  K haw arrumcd that the ~ N C  

dcprecirtian IS hoth known and geomn+. All OUT conclusions rhout the amount 
of error in the investment wncs arc conditional on the corr~clncs of these 
assumptions. 

N 
N 
cn 
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rclevant population was excluded from the sample by dcslgn or accndent Unll 
”on-response relata IO thc refusal of a unit or tndividual to respond Io a 
quuttonnairc oc mluneU or the tnabdsty of the mtcrvwmrs in 6nd 11. llcm 
non-response is the lerm ruociated with the more standard notton of missing 
data: qucslions unanswered. items not filled in. in a context of a larger survey or 
data wl lo t ion  cKorl. This term is usually applied to the mtua tm where the 
rcrponwr are missing for only some fraction of thc samplc. I f  an item IS missing 
entirely. then we are in the more familiar ormtled vkab lc r  case to which I shall 
return in the next xction. 

I n  this sa t ion  I n l l  wncentrate on the cu of partially missing data for some 
of thc variable of btcrat. This problem has a long hirtaly tn statistics and 
somewhat more limited history in aonomelriu. In stalislicr. most of the discus- 
sion has deal1 with Ihe mndaly  missing. or in never tenninolwy. tgnwablr caw 
(see Rubin. 1976. Md Little. 1982) whm. rwghly speaking. the desired psramc- 
tcrs u n  be estimated wnsislcntly from lhe campkle d a h  subsets and “msring 
data” methods focus on using the ra t  of thc available data IO improvc the 
efficiency of such alinuta. 

The major p r o b l w  b sconometricr is not just missing data but the porribihly 
(or more accuraaly. probability) that they are missing lor a variety of wlf-wlcc- 
lion rusons. Such “behavioral missin&*” implies not only a loss of cfictency but 
also the possibility of Wrious bias in lhe uhrtcd Foclfcicnlr of models that do 
no1 take lhir into KuIunt. The raenl rMra l  of iolerul in economelhrr in limited 
dependent variable mad&. sample-lclation. and sample wlf-selection problems 
h r r  provided bolh thc h r y  and mmpumtional techniques for attacking t h r  
problem. Sin= this raoge of topics is utcn  up in Chapter 28. I wll only allude to 
some of these issuer as we go don& I1 u wonh d n g  however. that t h s  area has  
becn pionrered by osonometnciuu (u&.Uy Amemiya and Heckmm) with 
stalisticians only r aMl ly  beginning 10 follow in their footsteps (e.& Little. 1983). 

The main emphasis here will be on the no-wlf-wlcction iyorable case. I t  is of 
some interest. becrux l h u c  kinds of methods arc widely used. and bccauw I t  

deals with the qualion of how one combiner wraps of evidence and what one can 
learn lrom them. Consider a simple e a m p k  where the truuc quat ion  of intcrcst is 

y - Ba + yr  + e, (5.1) 

where c is a random tcrm satisfying thc urual OLS assumptions and the constant 
has bcen rupprcsxd lor notational use. &? and y could be vectors and x and I 

could be malncu. but I will think of them at first as scalars and vcctors 
rcrpcctivcly. For some lrrction AI“,/(“, + n 2 ) ]  of our ramplc we arc mrwng 
ohwrvatwns (rcsponwr) on 1. La us rearringc the data and cnll the rornplete 
&bta r;impIe A and the incumplcle sample B Arrtmc that t i  8 1  pvwhlc 

< h .’, l ~ . l l l l t ” l l l  Ik,,., ,,,”,- I.*? 

dercrihc the data generating mechanism by the followng model 

d = l  $1 ~ ( x . r . m : 8 ) + r ~ O .  

d = O  I I  ~ ( r . z . m . 8 ) + ~ < 0 .  ( 5 . 2 )  

whcrc d = I implies that the observation is in wt A. 11 IS campkte: d = 0 implacs 
that I IS missing. m IS another vanrble(r) determining the rcrponw or samplmg 
mechanism. 8 is a set ol parameters. and e is a random vanable. d t s tnhuld  
indcpcndcntly of x. z. and m. Ihe inwmplcte data problem IS tgnoroble if ( I )  r 
(and m )  are dirtnbuted independently of e and (2) there is no wnna t ion  or 
restrictions betwcen thc p i r m c l e n  0 and &? and 7.  If lhesc wndmons hold then 
one can estimate 6 and v from thc m p l a c  dam subwt A and ignore 8. Even a i  
8 and B and y are w n n a l d .  if c and c are independent. B and 7 can be 
estimated wnrislcntly in A but now some information is lost by i y o n n g  he data 
gcncraling p m c z s  (See Rubin. 1916 and Little. 1982 for more ngorous versions 
of such rlatcmenls.) 

Note that this notion of ryorability of Ibe d a u  gmerating mahanism is more 
general than the simpler notion of randomly missiq 1.5. II  d m  not require that 
the  missmg I’I be r h l a r  10 lhe obvrwd o n a .  Given the assumplions of the 
model (a w n r t m t  B i n u p t i n  of the level of a). the 1 ’ 5  can be missing 
“non-rmdomly.” as long I S  lhe cnnditiond u p a t a t i o n  of y g i v m  I d u s  not 
depend on which x’s arc nusing. F n  example. there is nothing e s p i a l l y  wong 
il all “hiw X ’ S  are missing provided e and I are independent over h e  whole 
range of the data. 

and I can be estirmted wn~istcntly in 
the A rubrarnplc there is stil l  10mc more information about them in sample B. 
The following questions ariw thcn: ( I )  How much additional information is there 
m ramplc B and about which parmeterr? (2) How should the missing values of a 
bc crurnated ( t i  at  all)? What other information can be used to improve these 
estimatcr?“ 

Options include using only z. using I and y.  or using I and m .  where m is an 
additional variable. rrhled lo I but not a p p u m g  iWl1 in the y qualion. 
To discuss ths .  it  is hclpful to spa i fy  an “aur i l iq”  quat ion  for I: 

Even though with thew assumptions 

I - 6 r  t Om t u .  ( 5  3) 

whcrc E ( ” )  = 0 and E ( w )  - 0. Note that as far as this qua t ion  16 concerned. the 
mirring data problem IS one of missmg ihc dcpcndenl vanable for rub-sample 8. 
If the prohahi1,ty of bcmg prcsent in the sample were related io ihc s m  of ( I .  we 

I ’  l h r  witaim l w w r < w \  h<awLv lam < ; r o h c k ~ ,  Ildl and 1lausrn.n (Iv71) 
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would bc nn the non iyorsble UY as far rn the ewmatmn of 8 and 0 arc 
concerned Arrumc &IS u not the case a d  let us canridcr at f i n 1  only the 
simplest uy of - 0. with no addiI8on.l m vanabler prcrcnt 

One way of r emung  the model 1s then 

Y. - 8.. + 71. + e.. 

x, - 61, + u., (5.4) 

Y, - ( B  + r6)1,+ e, + Bo,. 

How one atimrta 8, 7 ,  and 6 d-ds w what w e  i s  willing to assume about 
the world that generated such data. There are two kinds of assumptions possible: 
The fin1 i s  a “regression” approach, which y~ma that the paramctcrr which are 
Cansunt across diKmmt subsampla arc Ihc slape cocfficientr 8. 1. and S but 
docs not impow the rutriclion that 0: and e: am the same across all the vaiour 
subsampler. 7hm un be heterorced.rtidly across samples as long as i t  IS 
indepmdcnt from the parumtcn of inlacst. Thc m n d  approach. Ihc maximum 
likelihood approach. would assume that rrmdilional on 1. y and x u c  distnbuled 
normally and the missing d a u  arc a rmdom sample from such a dirlributron. 
This impha that 0: - m:, and e: - e:,. 

The first approach s m l s  by rcagaizhg Ih.1 under Ihc general assumptions of 
the model Sunple A yields conristml ohla  of 8, 7, and 6 mth vanancc 
wvln-   ma^ Zw Then a “hnt order” procedure. I.c.. one that estimrtcr 
missing 1.5 by I done and docs no1 ilcnl+ i s  equivalent to the following- 
Estimate B.. 7.. 8. fmm m p ~ c  A. remite ~bc y equation as 

where involves tams which u e  due to thc dixzcpancy between thc estimated f i  
and 8 and their INC population values. nKn just estimate 7 from this *‘com- 
pleted“ sample by OLS. 

It  i s  cleu that lhis procedure rerults in no gain in the efficiency of 8. since 8. IS 

b . 4  solely on sample A. I t  is also clur lhal the resulting eslimatc of 7 could be 
improved somewhat using GLS inslud of OLS.” 

How much of a srin is there in estimating 7 lhir way? Let the sizc of samplc A 
be N, and of B be N,. The maximum (unattainable) gain in efficiency would bc 
proportional to (N, + N , ) / N ,  (when 0: - 0). Ignoring the conhbulion of . ‘I .  

which IS unimportant in l u g e  samples. the asymptotic variance of r from thc 

”h <iounrn.ux and Hanlnrl (1981) 

(5 .6 )  

where o’ = 0.‘. and A - N,/( N ,  + U,). Hence cflidmcy will be improvcd as long 
as P20.?/01 c 1/(1- A), ,.e. the unpredictable part of x (unpredictablc from I )  i s  
not too important relative IO 0’ .  the overall noise IWCI in the y cquatbon.” 

Let us look at a lev Illustrative ulculalions. In the work to bc dixwwd below. 
y will be Ihe lo&lhm of the wage rate. x is IQ. and I is xhoolng. IQ %ora arc 
missing for about one-lhird of the samplc. hence A - t. But Ihe “importance” of 
IQ m explaining wage r a t a  is relatively small. 1s independent contribution 
(8%:) is small relative to Ihc large unuplained variance in y. Typical numbers 
are 8 - 0.005, - 12. and 0 - 0.4. implying 

Eff(?..,) = 2 / 3 [ l +  f e 1 ’ 0 . 6 7 2 .  

which is a b u t  qual to thc f’s one would havc gotten ignoring the t e r m  in the 
brackctr. Is ths a big gain in cflicimcy? First. the efficiency (squared) metric may 
be wrong. A more relevant qwtion i s  by how much UII the standard enor or r 
be rrduccd by imorpwrIing umpk B into the analyis. By about I 8  percent (m = 0.82) for lhUc numbers. I s  l h i s  much? That depends how large the 
standard error of r was toslut out with. In Grilichu. Hall and Hausmm (1978) 
a sample consisting of abwt  1.503 individuals with wmpletc rnforrnation yielded 
an crtimate of 7. = 0.W1 elh a standard enor of 0.0052. Processing another 
700 plus observations could reduce this standard error to 0.0043. an impressive 
but rather pointless excrcise, since nothing of substance depends on knowing r 
within 0.001. 

I$ IQ (or some other missing variable) were more imporunt. the gain would be 
even smaller. For cxamplc. if the independent wntnbution of x 10 y were on the 
order of n’, then mlh one-third Mssong. ER(y.,,)= 1. m d  the standard dena- 
lion of I would bc r e d u d  by only 5.7 percent. There would be no gain at all. if 
the missing vanable w u  one and a half times PI important as the dirturhance [or 
more generally 11 8 ’ o ~ / o Z ,  I / ( I  - A ) )  
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T h e  cRctcncy of such ~ ~ t i m s t ~ s  can k improved a bit more hy allowinp lor the 
mplied hctcroscedarticity i n  lhcrc ~ ~ t i r n i t e s  and hy itcrating iurthcr xross  the 
sampler. This is -n most clearly by noImg that sample B yields an cstimatc or 
i - 8 + 16 with an estimated standard error 0.. ? h i s  information can be bltndtd 
optimally with the sample A ertimnlu oi 8. v.  6. and X, using "on-lincar 
techniques and maximum likelihood is one way 01 doing this. 

Ii additional variables, which uwld  k uud lo predict x but which do not 
appear on thew own accord in the y equation were available. then there 15 also a 
possibility IO improve Ihc efficiency of Ihc atimrted R and not p s i  of 7.  Agam. 
unless thew vlriabler u c  wry good predictors or x and unless the amount 01 
umpletc data avaihbk is rdrtively small. the gains in efficiency from such 
methods arc unlikely IO bc impressive. (See Gnlichcs. HaII and Hausman. 1978, 
and Hutovsky. 1968. lor wmc illurtmtir dculrtionr.) 

The maximum likelihood r p p r o x h a  dillcr from Ihc "first-order" ones by 
using also ihc dcpcndcnl variable y IO "predict" the missing 1 ' s .  and by 
imposing rcslrictionr on equality of che r J m n l  varinlocts across the samples. 7 h c  
lalm assumplion is no1 usually nude a q u i r c d  by the first order methods, hut 
follows from the underlying ltkcwlood assumption chat conditional on z, x and y 
are jointly nonndly (a some olher tnown distributions) distributed. and that the 
missing valua are missing a1 random. In che simple case whcrc only one vanablc 
is missing (or xwd vuiabler arc missing a1 ciul ly  h e  same plaus). the JCWI 

l idihood connecting y and x IO z. which is b a d  on the two equations 

y - Bx + yz + e. 

x -  6z + ". (5.7) 

mlb Ee-a' ,  Eu'-s'. Eru-0 can be m i l t e n  in tcrmi of the margrnal 
dislribution lunclion ol y g i r n  1. and thc conditional distribution function of I 
gimI y and 1. with conerpandingtqurliom: 

y - c z c " .  

r-dy+ /z + w .  (5.8) 

and Eu' - 8'. E d  - h'. E w  - 0. G i w  che m a l i l y  assumption. this is JUSI 

lnothcr way of rewriting the SMC modcl. vith the new parameters related to thc 
old ones by 

c - 7 + 116. g' - @q'+ a', 

d = @q'/( O'q' + 0 ' ) .  f = 6 - r d .  h' F q 'o ' /g ' .  ( 5  Y) 

In thsr rmple E ~ S C  Ihc l i k c l i h d  factors m d  L ~ C  can crt#m;tte c ;md fi' f row thc 

O l l l d  

complete sample; d. /. and h' from the incomplete umplc and solve back 
uNqucly for Ihc ongind puamc~crs R. v.  6. 0 ' .  and v'. In this wry all or the 
inlomamn rvulabk m Ihc data IS used and wmpuution is stmplc. sin= thc two 
rcgrcarionr ( y  on z m the whole rmplc and z on y and I In Ihc complete data 
portion) can be wrnputed rcparatcly. Note. that while x IS implncnly "ertimaicd" 
lor the missing poruon. no actual "prcdictcd" value or I are enhcr computed or 
used I" this iruncwort '4  

Table I illustntes the mulls 01 such computruonr when crumating a wage 
y u n u ~ n  for a rampie or young women from the Natlonai l a n y ~ u d ~ ~ a i  SUWCY, 

30 pcrccnt or which were missing 10 data. Thc first m w  or rhc irblc gwrr 

w 
m 
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cstmatrs computed roldy lrom the complac data whsamplc. Thc rccond cine 

uses the schooling variable to estimate the missing IQ valucs in the incomplcte 
portion of the data and then re-computer the OLS esl imale~.  Thc thud row uses 
GLS, rcweieling the incomplete portion of the data 10 allow for the increased 
imprecision due to the estimation o l  the nursing IQ values. 7 h c  last row rcporls 
the mumum likelihood esumates. Al l  the cslimalcs arc very dosc 10 each other. 
Poohng the sunples and "estimating" the mising IQ values increases the cRcicncy 
of the estimated schooling coeffibent by 19 percent. Going to maximum Ickeli- 
hood adds another pcrccnla8e point. While these gains arc impressive. substan- 
lively not much m ~ c  i s  I- from erpanding the sample except that no spccial 
sample relcctivity problcm is caused by ignoring the missing data subsct. l l w  x i  
test (or pooling yields Ihe inriyihunt value of 0.6. That the samples arc roughly 
similar. also un bc xen from computing the b i d  schooling cocfficicnt (ignor. 
ing IQ) in both nurrica: i t  i s  qual 10 0.057 (0.010) in the complete data subset 
and 0.054 in the incomplete me. 

The maximum W;*ihood computations get m r c  wmplicited when the hkcb- 
hood docs not factor L( n u l l y  u it docs in the dmplc "naled" missing case. T h i s  
happens in at l u r t  two h p n t ~ t  common CLYI: (I) I f  the modcl i s  ovcndcn- 
lificd then there are b i d i n 8  constraints bctvem the L(y l z .  8 , )  and L ( x l y .  2 . 8 , )  
pi- of the overdl litcwlood function. For cxamplc. i l  we haw an c x t n  
exogenous variable which can help predict II but doer not appear on i ts own in 
the "SINCIU~" y equation. lhcn there is a constraining relationship bctwcen the 
8,  and 8, parametut and muimum Uclihood estimation will rcquirc itcratng 
bctwern the IWO. Tlis i s  also the case lor multi-equation systems whcrc. say. 1 IS 

itself S ~ N E I U ~ ~  d o g u m u s  beow i t  is measured with error. (2) I f  the pattern 
of "miuingnerr" is not nested. if obsc~ationr on somc variables arc missing in P 
number of diRnmt patUms which cannot bc arranged in a set ol nested blocks. 
lhcn one cannot factor IIK likelihood lunction conveniently and onc must 
approach thc problem of estimating i t  directly. 

7hcrc are two related compulational approaches lo this problem: The first IS 

the EM algorithm (Dcmpstcr et d.. 1977). Tlus is a gcneral approach to 
maximum likelihood estimation where the pmbkm is  divided into an itcritivc 
two-step procedure. In  the E-slcp (estimation). the missing values arc crtimatcd 
on the basis of the current paruncar vrluu of the model (m this case starting 
with 111 the available var i lnca  and covrnancrs) and an M-step (maximiatton) m 
which maximum likclihood estimates ol t k  model parameters are computed 
using the "completed" data sct from the previous step. Thc new parameters arc 
then used l o  rolve ayin lor the missing valves which am then used in turn to 
rcestimalc the model. and this provsr is continued until convergence i s  achieved 
Whtk this procedure is cuy  Io program. its convergence can he slow. and lhcrc 
arc n o  crrdy available standard error Cstimatcs for the hnnl r ~ ~ u l l s  (though ncale 
2nd l.wlc. 19J5. indiutc how they might hc dcnvcd) 

, ,, !* ,.,,, ",,",,, I)"," ,,,",, I.V1 

An ~Itc111~11vc approach. whtch may he more atirilct~vc to mndd oricnted 
ec<mumcIr!cians and wtologtrts. gwcn the asrumption o l  ignorahility ol  the 
prcxcrs by which thc data are nursing. IS to l a u s  diratly on pooling the available 
In formaim lrom dtKercnt portions 01 the sample whch under the assumptions or 
the model arc indcpendcnt of each other Tha t  1%. the data are summanzed by 
their relcvant variancc-cov*ance matrices (and mans. 11 they arc construned 
hy the model) and the model i s  exprcsrcd m tcrms of constramti on the elcmcnti 
o l  such malnccs. What IS donc next 6 to " fit" the mod4 to the observed main-. 
This approach 6s based on the idea that lor mullivanate normally distributed 
random vanabler the observcd moment matrix IS a rufficicnt statistic. Many 
models can bc wnttcn in the form T(R). whcre 2' i s  the INC population 
covariance malni as ra ia l cd  with the assumed multivariate normal distribution 
and R 8s a valor of parameters of interest. Denote the observed covanancc 
matrix as S. Maumuing the likelihood function of the data 4ith rcspmt to the 
mndel parameters comes down to mumizing 

In /-(TIS. R )  = k - (Inl2'( # ) I +  tr T( R )  IS). (5.10) 

wth rcspxt Io R If R is eaxlly identified. the estimates arc unique and can be 
solved dircctly from thc definition ol  T and the assumption that S i s  a consistent 
cslumalor ol  11. I f  R IS aver-identified. then the maximum likelihood procedure 
" f i t s "  the modcl Z ( R )  to the data S as best as possible I1 the observed vanabler 
arc multivmate normal th is  estimator is the Full Information Maximum Likeli- 
hood estimator lor this model. Even if  the data are not multivariate normal but 
follow some other distribution with €(SIR) - 2'(R).  !his IS a pscudo- or quasi- 
maximum likelihood estimator yielding a consistent 8." The wrrectncs 01 the 
computed standard crron will dcpmd. however. on the validity of the normality 
assumption. Robust standard errors for this model can be w m p u l d  using the 

Thcrc IS no conccprurl difficulty in gcncraluing t b r  to a mulliplc nmplc 
situation wherc thc resulting 2',(R,) may depend on somewhat dlKerenl parame- 
ters As long as there matnccs can bc taken as anring mdcpcndcnlly. their 
rcspmlwc contnbutianr to the likclihood function can bc rddcd up. and as long 
as the 0,'s have parrmetcrs in common. there IS a return from crlimaling them 
p n t l y .  This can be done cithcr utilizing the multiple sampler fcaturc o l  LISREL-V 
(*cc Allison. 1981. and Joreskog and Sorbom, 1981) or by crlcndmg the 
MOMENTS program (Hall. 1979) to the connatd.multiple mitnces case. The 
estimation pracdurc combines thcsc diKerent matrices and their asrnaatcd picccr 
8 9 1  the Itkclthood lunclion. and then I I C ~ I C S  acres them until a inammum IS 

fwncl (Scc noend. (irhches and Hall. 1984. for more c x p o w ~ m  and tramplcr.) 

approach or white. 
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I WIII o ~ l l i n e  this lypc 01 approach m I romewhrl  mort complcr. tnuhs-eqW- 

tmn ~ o n l ~ i l  the cslmatton of u r n m y  funct,onr from whling data  while allow- 
mg for an unobwrvcd abihiy musUrc a d  urors 01 mrasuicmcnt In the vrr i rh lc 
crf mlcrest -schooling. ( S a  Gnlichcs. 1974 and 1979 for an cxp+s~Iton 01 such 
d c l r . )  The Umplcsl rndon of such a modcl can he wrltlcn as fnllnwh. 

r - a + r ,  - ( /  + g)+e, ,  

I - 6 0  + h + e1 - S ( / + ~ ) + ( W +  v ) t  e>, 

, - 8 . r + A ( ~ - r , ) + t , - r ( / + l l ) + i ( ~ +  u ) + e , .  

(5.11) 

where r is a reported IQ-typr test -re. I is the r w r d c d  years of school 
completd. and y - In w a ~ e  rale, is thc logahthm of the wage ralc on the current 
or last job. 0 -  ( / + g )  is an unobwrvcd "abiltty" factor wlth / hcing 11s 
"family" componcnl. h - ( w  + u )  is thc individual opparluntty factor (above and 
beyond o and hcncc lrrvmed to be orthogonal to 11). wth w. "wcalth." as 11) 

frrnily component. The ('I arc all radom.  unuorrclaled and untransmmed 
mcasurcmCn1 errors. That i s  

E d -  [ 2 :), 
0 0 a: 

and .D - P + 78. In addition. i t  is wnvenicnt to dchnc 

(5 .12)  
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rihling dr ia  Iht, iypc nf model war est~matetl hy Hwnd.  Grllwheh and 11;nIl 
(IYR4) wing rihling data lrom thc Natwnal Long'iudmd Survcyr 01 Young Mcn 
and Yaung Women " Thcy had to lrcc. however. a very scnous mwmg d m  
prohlcm since much of the data. c r p m l l y  tcst scorcs. were mlsrmg for onc or 
hoth of the rihlmgr. Data were uompletc for only  164 hrolherr p a m  and 151 
sister pairs hut rdditonal informailon subject to Y ~ O U I  pattcrns of "mmnng. 
ncss" was avnilablc lor 31 5 more male and 31% fcmrlc shlmgr p a m  and 2852 and 
33'48 unrclated male and femalc rcspondcnts rcrpcct~vcly. Thew Anal cstmatcs 
were h a d  on pOolmg the information from I 5  diKerent mainas for each rex 
and wcrc uwd to lcs l  the hypothesis that the unohwrved factors arc the samc lor 
hoth malcs and fcmrler en the s c n ~  that thctr loading (coenictcna) are nmilar sn 
the milk and lcmale ~crsions of the d e l  and thai the implied wrrclatlon 
hetwccn thc male and female lamily wmponcna of thew I~CIOTI was dm to 
unity. The  Iattcr test utilized the cross-sca cross-rib covrnancer anring from thc 
hrother-rwcr parr ( N  = 774) tn these pancls. 

Such p m h g  of data rcduced thc eslimalcd standard crrors of the major 
coefhcicnlr of ~ntercst by about 20 lo 40 percent without changing the results 
ngnif icantly lrom those found solely in their "complete data" rubramplc. Thcnr 
m a p  s u h n i n t w  conclusion was that taking out thc mean drKercncer in wager 
hctwccn young males and femiler. on= could not detect riwnlhcani diKcrcnces m 
the impact of the unohscrvsblcs or in their pattcrns between lhc male and lcrnale 
portions of their samples. As h r  as the IQ-Schooling part of the model IS 

conccmcd. faMlicr and the market appear& to bc treating brothcrs and s~stcrs 
identically 

A class of sumlar problems occurs in lhc time scncs conicit: Mrmg data at 
Inme regular lime tnlcrvab. ihc "conStNClion" of quarterly data from annual 
data and data on rclatcd time wets. and other "interpolation" type m u c s  Mort 
01 thcsc can bc iacklcd unng adaptations of the methods dcrcnbcd above. except 
for the fact that there IS usually more informalmn available on the mmmg values 
and #I maker scnsc IO sdapi t k  mcthods to the ~ lmcture  of the spccihc 
prohlcm A major rcfcrcncc an l l u s  a r u  is Chow and Lin (1971) Mnrc r ~ c ~ n t  
rclcrcnccr are tlarvcy and P m w  (1982) and Palm and NnJman (19R4) 

6. Missing rshblcr and inn*npklc 4 s  

"AIL M I  rh.8 yov CYI do 8 0  ohr dalr hut r ~ k #  r h i i  oh< I l a u  LA" d#s 
1°C "u '. 

bvery ~ .connmcir~c  \wdy IS mcompleic The \lalcd mcdcl u ~ u a l l y  I h h  only Ihr 
" r n . q o r "  v m a h l n  01 mt~resi  and even ihcn I I  I \  unlikcly lo h r v c  g a d  v ~ a u w e ~  
1 8 5 ,  .dl ,,1 i l ic urri.thlcr on thc already furrrhorienud Iht ~ 1 1 ~ ~  . I ~ C  \cwci,tI W A Y \  t n  
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which econometricians have tried to cope with t h w  facts of l i fc.  ( I )  Assume that 
the MI-out components .re random. minor. and indepcndcnt of all thc includcll 
exogenous vanrbles. This throws the problem into the "disturbance" and luvcr LI 
there. except lor possible considerations 01 h e a r o d a s t m y .  variance-comprr 
nents. and amilar adjullmcnts. which impinge only on the cficicncy 01 the usual 
estimates and not on their consistency. I n  many conLIcr.ls 11 IS ddTtcuIt. howcvcr. lo 
maintain the fiction that the left-out-variables arc unrelated 10 the included ones. 
One is pushed than into either. (2). a spcuhution wnsitiv~ty analysis whcrc the 
direction and magnitude of possible b i a s  are uplored usmg pnor information. 
scraps 01 evidence. and Ihe standard Icll-out-vmablc bias lormulae (Crilichcr 
1951 and Chapter 5) or (3) me trier 10 translorn thc data so as to minirmzc the 
impact 01 such biases. 

In this %mion. I will u m u n l r a l c  o n  lhis lhird way of coping which has used 
the increasingly available panel data sets to try to get around some of therc 
problems. Conrider, then. Ihc standard panel data XI-up: 

(6.1) 

whcrc y,, and I,, arc the o b s e d  d-dent and "independent" vanabler 
resFtivcly. 8 is the YI  of p u a m e t c n  01 interest. z,, rcprcwntr various possible 
misspsEifiutims 01 the model in Ihe form d klt out vanablcr. and r, ,  arc the 
usual random shocks urumed 10 be weU bchwcd and independcntly distnbutcd 
(at this lwel 01 generality rlmosl dl possible deviations lrom this can bc 
accommodated by rcde6ei08 the 2.1). 'Two basic urumptions arc made "cry early 
on in this typc of model. The first onc. Ihat the relationship is hear .  is already 
implicit in the way I have vrillcn (6.1). Thc -nd one is that the major 
paramelen 01 mluut. the B's. arc both stable wcr time and constant across 
individuals 1.e.. 

B ( i .  f )  - 8. ( 6 . 2 )  

Both 01 thew urumptionr are in principle terublc. but arc rarely questroned in 
practice Unless thnc is some Und 01 $lability in 8. unless there IS some ~ntcres~ 
in i ts  ccntrd momcnU. i t  is not clear why one -Id engage in estimation at all. 
Since the longitudinal dimension 01 such data is usually quite short (2-10 years). 
i t  makes lillle sense lo allow # 10 chanp OW tim. unless one has a reasonably 
clear idea and a parsimonious p a r a r n e t e ~ t i m  of how such changer happen 
(The fact that the 8's u e  just cOtfhhncnts 01 a fin1 order linur approxtmatlon to 
a more complicated funcliond relationship and hcnu  Jhould change as the k v e l  
of I'S changes can bc aIlowed lor by expandins the list of x ' s  to m m a m  higher 
order terms ) 

Thc asumption that 8, -8 .  that all indivldurlr rcrpond ahkc ( u p  IO Ihr 
rddmtwc Icmms. the 1.. which can dimer ~ U U I I  mndwdual~). I\ m c  nl thc ~ i i o r c  

Y,. - u + B ( i .  Ox,, + Ai. f)z,, + e,.. 

i 
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hothersomc o n ~ s  I f  lon8cr lime writs wcrc avahblc .  it would hc possible to 
crlimrte upirate 0,'s lor o c h  mdindual or firm. But that IS not thc world we find 
OU~SCIVCI m at the rnomcnt. hght now there am basically three outs lrom lhlc 
corner' ( I )  Assume that all diKcrenccs in the B,'s arc random and uncorrelatcd 
with everything elx.  Then wc arc nn the random coefficients world (Chapter 21) 
and except for issues 01 hetcrodasticaty thc problem gar  w a y :  ( 2 )  Specify a 
model for the diKrrcnces in 8.. making them depend on additional observed 
variables. cuthcr own mdwidual ones or hiughcr-order macro ones (rf. Mundlak 
1980). This rcwlts in defining a number 01 additional "interaction" vanabler with 
thc x set. Unlcsr there IS  strong prior informalton.on how they diKer. this 
iatroducer an additimal dimenrwn to the "specifiulion search" (m Lumer'r 
terminology) and I S  not very promising; (3) Ignore it. which is what I shall 
proceed to d o  lor the momcnl. locuring instead on the heterogeneity which i s  
implicit tn the potential existmu of the 2,'s. the ignored or unavailable variables 
an the model. 

Even i f  (6.1) IS simplified 10 

Y.I = a +B%. + v,z,, +e,, (6.3) 

A 8 %  not identified from the data in the absence of direct observations on 1. 

Somehow. assumptions have 10 be made about the source of the Z'I and their 
distributional propcrtics. before i t  i s  poruble 10 derive consistent crtimatorr 01 B. 
There am (at least) three categories 01 assumptions that can be made about such 
2's w h c h  lead to dtKcrenl eslirnalion approachu in chis contcx~: (a) T l ~ e  2.1 arc 
random and indcpendcnt of 1.1. Tlus k lhc easy but not lm likely eue. T h e  z's 
can bc collapred then into the r.3 mth only the h e t c r o d u t i c i t y  issue reman- 
ing lor the "random eKmIs" modd 10 solve. (b) The 2.1 are conclated w t h  the 
x ' s  but arc constant o w  time and have also cnnslant e l i s i s  on thc y's. I e.. 

whcrc wc have nwmdized 1-1. l b s  is Ihc r t andud  "fixed" or "corrclatcd" 
eKcccts model (ye Maddala 1911. and Mundhk 1978) whrch has b a n  crtcennvely 
analyzed I" the rscenl lileralurc llus IS the cay for which the panel S I ~ U C I U ~ C  of 
the da i s  promdcr a pnfccl solution. Letting each individual have 11s own mean 
level and crprcrsing PII the data I S  deviations from own means ~ l n m n i t e s  the 2 ' s  

and leads to the UIC of "wtlhin"es1imalorr. 

v . . ~ ' G , E p ( l , , ~ r , ) t ( , , . ~ ~ , .  ( 6  5 )  

whuru v, - ( I / T ) X L ,  v,,. c l c ,  and yictdr ~ o n s ~ s l ~ n l  cslm;i ic$ 01 /, 
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I have only two caullonary comments on this lopic' As IS true tn many other 
contexts. and as was notcd url icr ,  rolnng m e  prohlcm may aggravate anrrthcr If 
there are two reasons for the z,,, c.8. both "ha& cllccl, and errors varlahlcr. 
then 

1.. -a, - Be, , .  (6.6) 

where a, is the bed individual cKect and 1,. is the random uncarrclatcd over 
time error of measurement in x,< In this typc d model I I ~  E ~ U S C S  an upward hias 
in the eslimatcd B from pooled samples whilc cg, results m a ncgatiuc one. Ciomg 
"within" not only eliminates a, but also incruses the second type of hias throue 
the reduction of the riyal to noise ratio. Tlus  i s  y c n  easiest 8" the rimplcst pmcl 
model where 7 - 2 8nd vilhin i s  equirdenl to first diKcrcncmg. UndiKcrcnccd. 
an OLS estimale of P would yield 

pW&-P)-b. , , -Pb,  (6.7) 

whnc b,,, i s  the auxiliary reyeuia,  d c i m l  in the projection of the .,'I on the 
X ' S .  while A, - o:/o: i s  lhe cnw variance ratio In x. Going " w i l h d .  on the 
other hand. w w l d  eliminate the first tern and leave us wnth 

b. - P) - - P L  - - BAr/(l - P). (6 8 )  

where p is the firs1 order serial comlation coefficient of the 1.5. A plsurtblc 
example mighl havc 8 - I .  -0.2, A r  -0.1. and b, - 1 + O  l - -O I = 1 1 Now, 
as might no1 bc unreasonable. i f  p - 0.67. then A -  = 0.3 and 8. = 0.7. which 1s 
mqre biased than w s  thc case vith the on@alfi,. 

This is not an idle m m n i .  Much ol IIW r a n t  work on productton funcuon 
estimation usrng panel data (c.8. rac Gdiches-Mairesrc. 1984) starts out worry- 
ing about fircd cKsts and sirnullancity bias. gocs within. and winds up with 
rather unsatisfactory results (tmplaunblc b w  coefficients). Similarly. thc rather 
dramatic reductions on the schoobng urfficicnt in earnmgr cquationr achicvcd hy 
analyzing "within" family data lor MZ twins i s  also q u m  hkcly the rewl t  of 
origmrlly rather minor errors of mururemenl In the schrnling vanablc (scc 
(irhchcs. 1979 for more dciad). 

'Ihc other comment has to do with thc unrrrilahA>ty or thc '' wnhm" wlutcon 11 
thc equation i s  intrinsically nodincar since. for cxample. the mean of r'  t e I\ 

mil equal 10 e '  + i. f i r  E ~ U I C S  prohlcms for models m which the dcpcndcni 
r;mrhlcs are outcomer of various nodincar prohahihty prwcrscr In  \pcrml 
LMI. 18 I\ pnrrlhlc lo get around this prohlcm hy ~.ondnl~cmmg arguments 
(~lwuhcdmn ( I Y N I )  LIIKUSSCI thc logti CPY while l l ~ ~ u ~ n ~ . ~ n .  H;dI .ind ( ; r m l ~ l w  
I I V X 4 )  \ Iww how wndit~onmp. on Ihc rum of IWICOIIICI a w l  lhc  p e r ~ d  ,I\ .I WI~~III. 

1.99 < h ?I F c w , * * w  />mt  Is,u. 

ConvcrtY 3 Poirron problcm into a condlhonal multmommal lognt prnhlcm and 
a11ows an equwalenl "mlhin" unit analysts. 

IC) Non-constant eKats. The general CLV here 15 one or a lefi out vanablyr) 
and nothing mwh can bc dom about i t  unless more explicit assumpinons arc 
made about how the unseen vmahlcs k h w c  and/or what lhctr cKats arc. 
Soluuonr arc avahble for r p s i i l  cases. UYI that make rcstnctire enough 
assumptions on the y ( f ) z , ,  terms and their wrrclallons mth the tncluded I 
vanablcs (we Hausman and Taylor. 1981). 

For cramplc. 11 IS not too dnfficull to work out the relevant algebra lor 

(6.9) Y(f )z , ,=7 , .z , .  

n r  

(6.10) 
where L., IS an wd. musurcment error in x. The first version. q. (6.9). i s  one or a 
"hrcd" wmmon cKat with a changing influence owr time. Such models havc 
been conrudered by Stewart (1983) in the ertimstion of earnings function. by 
Pakes and Gnbchn (1984) for the estimation of geometric lag stru~tures in panel 
data where the unsan truncation remainders dsoy crponcntially over h e .  and 
hy Andcrron and Hriao (1982) in thc conteal of the estimation of dynamic 
cquauonr with unobserved initial wndltionr. 7hc m n d  model. q. (6.10). i s  the 
pure EVM In Ihc paml data context and was di rurwd LII Section IV.  It is 
crtimrhle by using lagged x's as tnstmment~. pronded the "INC" X ' S  are 
correlated over tme. or by grouping methods ,f independent (of the errors) 
inlormallon IS avvlable whch allows one to group the dah rnto groups which 
diKcr sn the underlymg "true" x ' s  (Pates. 1983). Identification may becm-ne 
prohlemalnc whcn the EVM IS superimposed on the standard f i x 4  cKec~s model. 
Estimation i s  st i l l  possible. in principle. by first diKereneing to get rid of the -,'I. 
the hied elfais. and then using past and future I'S as instruments. (Sce Grilicher 
and Hausman. 1984.) 

Some nf thcx  issues can be tlluriratcd by Eonridenng the problcm of trying to 
cstimalc Ihc form o l  a lag structure from a relatwely short panel." Let us dehnc a 
llcxihle dirtnhuted lag quaiton 

Y ( ~ ) Z , , =  - 8 ~  
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ycarr hstary on the y's and x e s .  In general this IS impossible II Ihc lcnglh ul thc 
lag simctur~ c x d s  the available dais. then the data cannot hc mlormatwe 
about the unreen tail 01 Ihc lag dislnbution without 1hc imposition 01 rlrongcr 
a priori rutrictrons. Thue arc 11 lust two ways 01 doing h s :  (a) Wc can assume 
something suong aboul the B's. FM cxample. lhat they dcclme gwmel~cally 
alter a Icw frct IC-. lhrt & , , - A & .  'Ilus l u d r  us back to the gwmetnc lag 
uy which we more or l a  how IO handle." (b) We can assume somclhng 
about thc un- x's, (hat they were wnstant m the past (in which c z x  we arc 
back to thc k e d  cffecu wilh a changing coefficicnl ow). or that they lollow some 
simple low order aumregr&ve procrr( (in which uy lhcir inlluencc on thc 
included x ' s  dics out alter a few l c m ) .  

Before p r d i n g  dong hue Lnu. it i s  uwlul to recall (he notion 01 thc 
n-matrix. introduced in Chapter 11. which sumrmnrU all thc (Lnur) inlorma- 
tion wntaincd in lhc standard limc wria-crmr scction pancl modcl. Tlur 
approach. due lo Chunberlah (1982). s 1 . N  with the YI 01 unwnrlraincd 
m u l u v ~ a l c  rcgreuims, relaling u c h  yeu'r y,, 10 all 01 the wdablc  I.%. part. 
prcscnl. and luturc. Consider. f a  uunplc. lhc uy whcrc data on y arc avahblc 
lor only lhrcc yun (T- 3) and on X'S IM lour. Thcn Ihc n matrix wniists 01 
the coefficients in thc follovin~ YI 01 e o n s :  

(6.12) 

< h ' (  Iiuwmsr l lviu !I(VI 1v1, 

goinp. lrom the simple one lag. no f i x 4  clTcccts CIY (a)  t o  the arbitrary lag 
structure with thc onc Iaclor corrclated clTccts structure (0  For each 01 thmc 
cases wc can dcrivc Ihc crpeclcd valuc 01 I1 I t  1s obnous that (a) impltcr 
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ease we have seven unknown parsmclcrr to CsIIrnaIC (4 m‘s. 2 D’s ,  and A )  f r o m  
the 12 unwnstrmned I I  coefficients lo 

Adding fixed cKczts on lap a1 this. as m d .  adds another lour wcfficicnls 10 hc 
estimated and strains identification to i ts  limit This may bc fcariblc with larger I 
but the data arc unlikely IO distinguish well bawccn fired e K ~ t s  and slowly 
chanyng mitial cKlcu. especially in short panels. 

Perhaps I mom interesting version is repracnled by (6.13~). where wc arc 
unwilling to assume an explicit form for the lag distribution sin= that happens 10 
be cnctly the queslion we wish to investigna. but are willing mrtead to assume 
something rwtnctiw about the behavior of the x’s in the u n m  past; specifically 
that they lollow an autorcgressivc process 01 low order. In the cxample sketched 
out. ye never sa I.,. x.,  and I. ,. and hen- cannot ldcnlily 8, (or even 8 , )  
butnuyberbktokunlom+thing~bwt~,  8 , . ~ d 8 ~ . l l t h e x ’ s f a l l o w a  first 
order avtorcgrruiw p m .  then it can be shown (scc P a k s  and Crikhcs, 1984) 
[hat in the projection of x . ,  on all the observed x 3 

E * ( .  ..\x,. x , . a , . x d  - 8 ‘ ~  - O . x , .  +O.xl, + O - x , .  + s;=~.. (6.17) 

only the last 4 c i c n t  is non-zero. since Ihe partial wrrelalion 01 I . ,  with a l l  
the subsequent x‘s  is zero. given iu correlation with xg- I1 the X’S had followed a 
higher order autoregorion. ray third order. thm the lait thrac eocflicientr would 
be non-zero. In he firs1 order oy Ihc n matrix is  

I 0 0 Bo 81 + B I ~ I + ~ A  +8.8> 
n(e)- 0 Bo 8,  8,+8,st+8.s1 . [ 80 83 82 8, + 8.8, 

where now only Bo. 8, and 81 arc identi6ed lrom the data. Estimation procccdr 
by leaving the lail column of n frce and constraining the rest of i t  to yield the 
parameters of interest.” I f  we had assumed that the x ‘ s  arc AR(2) .  wc would he 
able to identify only he first two 6’s. and wwld  have IO leavc thc last two 
columns ol  n I ra .  

mAn 2IYmalil w m r b  .auld L.Lc @r.nlnW d t h  a-mr nuum 01 Ihr la& IIWLIY~C. and 
YV l a u d  rdun of Ihr @dcna ranabk to $01- (XI# thc u n o b r d  I , ’ ,  Unn& thc 1aw.d 
dcpmdcni r.rubk I d a t u r n  -Id mrnlodun both an crron-m-ranlbkI  probkm (rmce v, , 
prOx,cr lor : rvbml 40 t h  e, , error) a d  1 polmad %8mulluxil)r problm duc I D  lhrir coirclauo~ 
wth thr .,‘I (rwn st Ih .‘I ate M I  rarrdl.lrd nth t k  8.1) lniirvrmnli .rr arulablr. h o w v c r .  an 

1,111 t h  I 5  I . , , , , ,  .“,11 ,I,,,, , I,.”.., 

Ihe last case 10 bc conudercd. rcpresenlr a miitwe of lid clltitr and 
truncated lag dtstnbut#onr. The algebra IS somewhat tcdious (wc Paker and 
Gnltchcs, 19R4) and leads bancally to a mixture of  thc (c) and (e) C D Y .  whcrc thc 
hied cKccts havc changing cufficncnts over time. smcc their rclat#onrhip to the 
correlalcd IrUncilllon rcmirndcr IS chmgng ovcr time: 

61 61 +80 rl ,o 
r 7 ( / ) =  m,s, m P , + B o  m P , + 8 ,  ..I. i m A t 8 ,  6’ m , 6 , + 8 ,  m,6 ,+& n, 

where I havc normalized m , - I .  The first threc 8’s should be #dcntificd in th is  
model but m practice 11 may be rather hard IO dirlrnguish bctwan all thew 
parameters. unless T IS signihuntly larger than 3. the underlying samplcc are 
large. and the X ’ S  are not tm collinear. 

Follomng Chamberlain. the basic prncdure in th is  type of modd i s  first to 
estimate the unconslruncd version 01 the n matrix. dcnvc its wrrot 
vanancr-covanmcc matria allowing I M  the hetcraxedarlicity introduced by our 
having thrust those parts 01 the (1. a d  1, wbch a m  unconclated wulth the X’S into 
the random term (unng the formulae in Chamberlain 1982. oc Whlc 1980). and 
then impox and lest the wnstraints implied by the rpeific version dacmcd 
relevant. 

Note that i t  i s  quite likely (in the context 01 larger T) that tht test will re)cct a11 
the constraints at conventional significance IcvcIs. nus indicates that the undcrly- 
mg hypothcnr of rtabdity over time 01 the mlevant wcffiicicnt may not ra l ly  
hold. Nevertheless, one may still use t b s  lrimcuork to compare among several 
more constnmed versions of the d e l  to yc whether the dah indicate. lor 
example. that ”il you bclicvc in I dtslnbuted lag model with fired coefficients. 
then two terms arc better than one.” 

Some of these idur are illustrated in the lollowing cmptnul cxarnplc which 
conridcrs the ubiquitous question of “cap~lal.” What i s  the appropnatc way IO 

define 11 and mtaryrc it? Tlur is,  01 WUIIC. an old and much dtxusred qucrlnon 10 
wbch the thcorctcal answer i s  thal in gcencral a t  cannot bc done In a satisfactory 
fashion (Fisher. 1969) and that in practice 11 depends very much on the purport at 
hand (Grilachcs. 1963). There is no intention of reopening the whole dcbatc here 
(sec the vanous papers wlkctcd in Usher 1980 for a renew ol the r ~ ~ n t  state of 
this  top^), the f n u r  i s  rarhcr on the much narrower qucsuon 01 what IS the 
appropnatc functional form for the dcpra#ation or deternorallon l u n c t m  “ a d  I“ 
lhc conrlruclsm ol convcnlional capital stock meawrcs. Almnrt 111 01 thc data 
U I C ~  empirically arc ConSlNCled  on the bars 01 c o n r m l ~ n a l  “length 01 Ide” 
.mwmpt#*m~ dcvelopcd for accounlmg and tax purposes and h a r d  on vrry l t t i l c  
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cslimites arc then taken to imply rather sharp dclincr m the SCWICC flow.. 01 
capital over lime using either thc stra@t lint or doublc declining balance 
depreciation formulae. Whatever indcpcndent mdcncc thcrc IS on this topic 
wmer largely from vscd aswts markets and is hun ly  wntammstrd by the crrCcts 
of obrolrvence duc to tohnical improvements In newer asscts. 

Pakes and Griliches (1984) pr-t sonu dsct cmpincal cvidencc on t h ~ s  
qucstion. In particular they asked: What i s  the time pattcm of the conlnbulion 01 
past invutments 10 mmnt profitability? What i s  the shape 01 the "deterioration 
01 KM~CI with 8ge function" (rather than the "dcclinc in present value" 
panenu)? AU versions of capital stock nxasurcs can be Ihought of as wcightcd 
sums or past invesmts:  

K.- 1 w . L . .  (6.18) 

with w. dillcring ucording to the depmirtion r h c m  uscd Since invcstmcnts 
are. madc 10 yield prof~ts and assuming that cx mte the crpstcd rate 01 rcturn 
wmes clow Io being c q u W  across diflucnt invutmenls m d  firms. one would 
erpezt that 

whcrc e, i s  the u post discrepancy bct- crpted and actual profits assumed 
to be unwrrdatd wilh the ex anic o p t i d l y  chown 1's. Given a wricr on n, 
and I,, in principle one could estimate all the Y puuneters crccpt for the 
problcrn that o m  rarcly has a Ion8 enough wries to utimate them individually. 
crpsially in the p- of rather high multi-collimuity in the 1 ' s .  Pakcr and 
Griliches used panel dam on US. firms to gct uound this problcrn, which grcatly 
incroscs the available d c y c r  of fmdom. But wcn thcn. the available panel data 
are ralhcr short in Ihe time dimension (at lust relative to thc cxpcctd length of 
life 01 manulacluring capital) and hcncc some 01 the methods described abavc 
have IO bc u d .  

They uscd d i u  on the gross profits of 258 U.S manufacturing firms for the 
nine years 1964-l?. and their you investment (deflated) for I I .  ycars 1961-71. 
profits werc dcflatd by an ovcrall indcr or the average gross rate or return 
(1972 - 100) taken from Fcldstcin and Summcrr (1917) and all the observations 
wcrc weighted inversely to the sum of inwtmcnt OW the whole 1961-71 period 
to adjust rou&hly lor the grcal heteroxedasticity in this sample. Model (6.130 of 
the prcvious yelion vas u d .  That is, they tried to Cstimite as many uncon- 
rtr.rmed w terms as possible asking whether thew cocfficlenlr m fact dcchnc as 
rapidly as i s  assumed by the standard dcprcctai&on lormulre To ~ k n t l l y  the 
mlulct. 8 1  was assumed that tn the unohrcrved past the 1 ' s  lollowcd an autoregrcr- 
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w c  process. I'rclwnlnary cakulalions tndmled that 01 was adequate 10 isrume a 
third ordcr aulortgrcssion In 1. Smcc they had also an accounung merwrc 01 
capital stock as 01 the bewnning of 1961. 8 1  could be used as an additma1 
mdscator of thc unseen past 1 ' s .  Thc pors8bhty that more profitable firms may 
also i n v ~ s l  morc was allowed lor by including individual firm cKcclr In the model 
and allowing thcm ID be correlated with thc 1 ' s  and the in i t ia l  K level. The 
resulting set of rnultivarialc r m r i o n s  with "on-linear conrtrarntr on uxfficicntr 
and a lrce covanance matri-was utimatcd using the LISREL-V pr0g.m of 
Jorerkog and Sorbom (1981). 

B e l a e  their mulls u c  uaminod a major rewrvation should be ooled about 
IIUS model and the approxh uscd. I t  assumes a fired m d  wmmon lag stmcture 
(deterioration function) x r m  both ddkrcnt Ume periods and dillercnt f i rms 
whmh IS ru from being r d s t i c .  This dow not dillcr. however. from the w m o n  
use of accounting or wnrtructed upital measures to wmputc and wmpsm ' ra tu  
01 return" across projcctr. firm, or industries. The way "capital" -uw arc 
commonly uscd in indwuil l  wyniut ion.  production function. hnmcc. and 
other studies implicitly aurncs lhal therc i s  a stable rclrtionship bctvcen 
camings (gross or net) and past invesmcncs; that f i rms or industria diner only 
by a factor of proponiondity in lhc yield on there investments. with the time 
shape of thew yields bang UK yme across firms and implicit in the assumed 
dcprcciation formula. The intent of the Pakcs-Grilichu study was to quution 
only the basic shape of this formula rather thm try to unravel the whole tande at 

Their main results arc premted in Table 2 and can be rummaNed quickly. 
There IS no cvidencc lhat h e  mntribution of past investmcntr to current profits 
dccliner rapidly as is implied by the usual straight line or declining balance 
dcprcciation formula. I f  anythin& they n s t  during the first thre yors! Introduc- 
ing the 1961 stock IS an additional indicator improver the cstirnaiu of the later 
w's and indicates no noticublc dalinc in the wntribution 01 part investmmts 
dunng their first w e n  years. Compared against a single tradttmnal stock mcIsurc 
(column 3). this model doe a significantly better job or crplamng the variance or 
profits across firms and timc. But it docs not wme clow 10 doing as well as the 
estimates that wrrcspond 10 the frDc n matrix. implying thai such lag SI~UC~U~CS 

may not be stable across lime and/or firms. Nevertheless. i t  is clew that the usual 
depreciation scheme which assume that the wntributkon 01 part invutmcnts 
declines rapidly and immediately with age arc quite wrong. I1  anything. there may 
bc an "apprectslion" In the ur ly  y u r r  IS invatmcnls arc complcted. shaken 
down. and adpricd 

once. 

1 . i ~  a "~c3hcrloloycdt)l rtlalcd %lu4y sec Hall. Gnlm'hti and thurrnan ( I V X l I  which orxd m IIIYR 
1w4 wheibcr lhcrc I\ A *<&n"lhant '"u#1.. 10 uhr pwnrnx as rn l u ~ ~ w m  d p w  Uht,  n ~ n t l ~ i s r r .  I r l  
~ ~ n , C I " , <  



7. Final remarks 

Over 30 ycsrr ago Morgcnrlcm (1950) asked whether economic d m  W C ~ C  

accurate enough lor the purposes that ccmomsts and CcOnomctncians were using 
them lor. He raised vnous doubts about the quality ol many economjc w c s  and 
implicitly about the basis for the whole cconomctnu cntc~pnw. Years have 
parsed and thcrc has been vc'y little whercnl rcrponx to his criticisms. 

Thcrc arc basically lour responses to hrr criliusm and each has some meet: (1) 
The data are not that bad. (2) The data are lousy but it doer no1 msltcr. (3) The 
data arc bad but we have lumed how Io live with them and adpri lor their 
loiblcr. (4) That IS a11 them is. II i s  the only game tn l o w  and we have to make 
the best 01 i t .  

There clearly has been yut proya, both in the quality and quantity of the 
available cwnomc data. In the U.S. much of the agricultural rtatarticll data 
collection has rhlted from judgment surveys to probabiljiy b d  survcy sun -  
pllng. The commodity wnvcrgc in Ihe various official prim indexes has been 
grtally capmded and much more allention is being paid to quality change and 
other wmpuabrli ly ~ssues. h d u  01 criticisms and wrubny of official sta t is t~s  
have b r n c  some lrurl Also. Iome 01 the ag.qegatc rtatirtics have now much more 
citcnrive microdata underpimgs. I t  is now roulmc. in the U.S.. to c o l l ~ t  large 
penodic labor lorff acevily and relaid topics s w e y r  and r e l a x  the bvtc 
microdata lor deladed analysis with relatively short l ap .  But both the improve. 
menls in and the capanrion of our data bases have not ra l l y  dnspowd a1 the 
questions raised by Morgcnstem. As new data appeu. as new data wllectlon 
mcthodr arc developed. the question 01 accuracy perrirts. Whlc quabty 01 some 
of the "central.. data has Improved. it i s  u r y  to rcpliute some of Morgenrtem's 
horror stories even today. For eaunple. 8" 1982 the US. lrrdc deficit wnth Canada 
war either 112.8 or 17.9 bolljon depending on whether this number cunc from 
U S .  or Canadian publrcationr. I t  is also clar that the national ~ w m e  statistics 
lor some of Ihc LDC's we more politicd than economic documents (Vernon. 
19n3)." 

Morgenrtem dnd not dmnguirh adquac ly  between levels and rates a1 change 
Many large diwrcpancm reprexnt definitional dilieren- and studm that arc 
morlly inlcrcsted dn Ihc mOvcmCnU in such wries may be able to wade much 0 1  
lhnr problcm 7he  tradition in czonomctnu 01 allowing lor ~ ~ w n s t a n t s "  m most 
rclationrhlpr and nni over-mlcrprclnng them.  allow^ impllclily lor permanent 
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